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'andjpebble conglomerate. In'general; layéring dips northeasterly from 25° to nearly ,vertical;-<v

70°-80° NE being most common.-Rotation of large blocks on high-angle faults locally has
caused marked divergence. from "these trends and-has offset or truncated northwesterly
striking low-angle shear zones. Intensive shearing and formation of (recrystallized) pseudo-
tachylyte is dcveloped on two major high-angle fault sets (N, 25° W, and N. 40° E.).
Metamorphism in and near. shear zones is characterized texturally by development of
semischists- plus phyllites, and mineralogically by crystallization of prehnite-pumpellyite
facies assemblages.. Metamorphic mmerals, found both an sheared. and wcakly de{ormcd
rocks, include:
Quartz + albite + ripidolite + 2M; mica (phcngxte) * prehmtc
‘Pumpellyite or clinozoisite (rare) : ’
Widespread quartz-fich 'veins contain prehnite + ripidolite +

sphcnc + calcitc;: '

+ calcite '+ muscovite,

" Localized dynamothermal ‘metamorphism superposed on regional burial metamorphism -
conditions (approximately 300° C., Pset 3 kb, depth 10-12 km) is indicated by greater degree -
of development of metamorphic assemblages in sheared zones. Metamorphic reaction kinetics
" probably were controlled by energy -change related to penetrative deformation. Time of
metamorphism is speculative, but regional con51derat10ns suggest a pre-Upper Cretaceous age. -

. Detrital minerals and. lithic clasts indicate’a sediment source area compfising greenschxst
{acies metamorphic rocks, granitic plutonic rocks, silicic-mafic volcanic rocks, and chert.

Pre-Devonian to Permian rocks, of these lithologies crop out 75 km. notth of Vancouver

Island, B.C., and far;hqr east in-the San Juan Islands, Washington.

Late Quaternary Interactlon of the Humboldt Rlver and
Lake Lahontan near Wmnemucca, Nevada

H'XWLEY JOHN W.,-Soil Con.ceruatton Sen'zce, Box 1 29 Umt'er:tzy Parl( N. Mer. 88070

. Results of a study of late Quatemarv valley fill near Winnemucca, Nevada, are utilized in a
*_reconstruction of -a shxftmg environmental sequence m an area where Lake Lahontan and
* "Humboldt River deposits intertongue. . - ST e .

i

During the early part of the last major pluvial s stage, Lal-.c Lahontan expanded from a

minimum (3800 feet) to a point (4200 feét) where initial flooding-of the Winnemucca seg-
ment of the Humboldt Basin-took place. Increased-discharge of an ancestral Humboldt re-
sulted inidally i in valley w1demng and entrenchment. As the lake base level rose to its-4360-
foot maximum, a shift from valley-floor degradation to aggradation, as well asa transition
from fluvial to lacustrme sedimentation, took place in progressively higher parts of the seg-

- ment. Textural{(CM) dxagram plots based on mechanical analyses of samples from this se- . '
.-quence indicate a shift from tractive-current to- qunet water deposmonal environments.

Upon lake recession, cutting of the present river valley was initiated. Flood-plain sur-

faces preserved as terraces above the valley floor represent temporary halts in degradation
" and appear'to be reldted to periods of increased river discharge associated with sub-4200-foot
-pluvial-lake maxima. The lithologic character and morphologv of the terrace deposits indi-

cate that pluvial river discharge was at least ten tinies greater than the bankfull discharge

(1000 cfsy of the present meandering Humboldt channel. Maximum entrenchment of the'.
“valley is marked by a buried flood.plain that is discontinuously covered by a volcanic ash
_bcd tcntzuvcly corrclated w1th tlie Mazama eruption. -

: Studies of Microeartl.lquakes‘Associated with a

Ccme.r of Seismicity in the Denver Area, Colorado
HE ALY JOHN H., and WAYNE H ]ACKSON U. S. Geologxcal Szm/ey, Derwer, Colo.

A series of carthquakes ranging from negauve magnitudes to magritudes of four’ plus has .-
: occurrcd ina localxzed nglOl’l northcast of Denver, Colorado, bctween 1962 and the pr&cnt.
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NOTES ON SOME MINING DISTRICTS IN HUMBOLDT
- COUNTY, NEVADA.

By Freperick LEsLie RANSOME.

INTRODUCTION.

In the apportionment of my field season in 1908, a period of six

- weeks was allotted to o reconnaissance examination of that part of

Humboldt County, Nev., lying between the fortieth and forty-first
parallels and the one hundred and seventeenth and one hundred and
nineteenth meridians.  Within this area of about 7,000 square miles -
(sce fig. 1) are the Seven Troughs, Rosebud, Star, Unionville (Buena
Vista), Humboldt, Fitting, Chafey (Dun Glen, Sierra), Kennedy, and

- Adelaide (Gold Run) districts,* with many others of less note. North

of the region particularly investigated is the Red Butte district and
south of it is Coppereid (White Cloud district). Both of these were’
visited.

Some of the districts examined, such as Seven Troughs, Rosebud
and Red Butte, have been prospected only within the last two or three
years; others, like Star City and Unionville, reached their acme of
ploductlvencss i the decade beginning with the year 1860 and have

not yet participated in the recent gener al revival of mining activity in

Nevada; one or two, like Chafey, have received new names and are
being exploited in various ways that modern experience and inge-
nuity have devised for this purpose; still others, like Adelaide, have
been intermittently active for over thu ty years, oscillating between
prosperity and decay.

All of the country traversed, with the exception of that adjacent to
Red Butte, was mapped geologlcally by the Fortieth Parallel Survey,
and that map,? on a scale of 4 miles to the inch, with a contour inter-
val of 300 feet, is still the best one, although there have been many

a In general the names of districts as here used are those of the principal settlements?Some of thelminlng
districts, as originally organized for purposes of record and regulation, embrace large tracts of which the
names and boundaries have little significance except to local surveyors and oflicial recorders.

b U. 8. Geol. Expl. 40th Par., atlas, Map V,1876. (The topographic sheets are not contoured, but show the
relief by shading.)

7
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ave elapsed sitiy
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eDAT . Bézthe belief that even a hasty review of the region, while not likely to
reports, are intrusive & v o g

eld results of much scientific importance, might serve as the basis
g,‘r a preliminary report that should be of some value to those inter-
#sted in the mining development of north-central Nevada.

It is a pleasure to acknowledge my indebtedness to the mining men
2if the region for courtesies too numerous to mention, and especially
io Mr. John T. Reid, of Lovelock, and Mr. W. D. Adamson, of Winne-

B
(AL

Ny

3

3 : ITINERARY.

| From Lovelock, on the Southern Pacific Railroad (see Pl. I), a trip
of five days’ duration was made to the Seven Troughs district, 30
miles northwest of that town, and return. Two days were next spent
i visiting Coppereid, in the White Cloud district, Churchill County,
s about 25 miles southeast of Lovelock. A wagon and team were then
hired at Lovelock, and the Humboldt Range was crossed by way of
4°the Tumboldt Queen mine and Limerick and American canyons to
Fitting, or Spring Valley, as it is sometimes called. Thence I drove
4 north to Unionville, and from that place turned southeast across the
East Range to Kennedy, on the west side of Pleasant Valley. From
4% Kennedy the route was south, past Sou Springs to Boyer’s ranch, on
R g the northwest side of Dixie Valley, which was a convenient place from
. which to examine the nickel and cobalt mines of Cottonwood Canyon,
- in the Stillwater Range. From Boyer’s ranch the return to Lovelock
was made over the Stillwater Range by way of Kitten Spring, across
2 the valley of Carson Sink, and through Cole Canyon, east of Oreana,
which separates thie Humboldt Range into two distinct divisions, the
% northern one being sometimes referred to as the Star Peak Range
‘£ and the southern one as the Humboldt Lake Range.¢ This trip
¥ occupied six days. )

§  ~From Ryepatch, on the Southern Pacific Railroad, a visit was paid
3" to the Ryepatch mine and from Humboldt House to a cinnabar
-prospect in Eldorado Canyon, on the west side of Star Peak. Hum-
boldt House also was the starting point for a trip lasting three days
; . to the Red Butte and Rosebud districts. ~ The Chafey district and the
a3 = s I Sheba mine in Star Canyon were reached from Mill City, and a short
excursion was made from Goleonda, 12 miles east of Winnemucea, to
the Adelaide mine. The Galena and other districts accessible from
Battle Mountain were not visited, the reconnaissance having already
taken more time than could well be spared from other duties.
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Y GENERAL HISTORY OF MINING DEVELOPMENT.

NEVADA,

Ferward he built the 5-stamp Pioneer mill; the machinery and

DEVELOPMENT.
4t

¢ Arizona mine to the mill in the canyon, several hundred feet
low. Other mills were subsequently built farther down the canyon,
snd in 1870 there were three mills of 10 stamps each in operation.
ater power was used in the first mill, but it soon became necessary to
from that ¢ . § pp_lementi this with steam. Sinqe the prigcipal mines were ophened
coﬂﬂmt these isolated deseossiin different parts of a nearly horizontal vein that outcropped in an
- Mines were opend ?ﬂiptic&l curve about a hill, litigation was inevitable, and after some
on grew to ; the settlemengs i avntroversy the Arizona and Silver companies consolidated in 1870
Mmportance, A¢ Oreana, g <3 the Arizona Association. The average cost of mining and milling
’ ‘st that time was about $24 a ton, having not long before been lowere
:4by the introduction of Chinese labor in the mills. Skilled miners were
paid $4 a day or $3 a day with board. There was almost no gold
m the ores, which were treated by pan amalgamation, the tailings,
after standing for a time, being re-treated by the same process. The
smilling ore averaged about $60 a ton, and some ore, shipped crude
%o San Francisco, ranged from $500 a ton upward. One lot of 170

, suppli ' '
Pplies and machinery yvope hauiad
Cramento, and the proje¢

ho w2 more than a dreap,, The
ganized in 1861, and during

, N the Tpin: .
this smelrtmlty d'lstnct, organized in 135z
T, a8 it was the first in ;\-0\‘31&'

from wly;
‘hich lead w .
tests wiel . 4 as shipped ip
sts with Argenta, Mont : the hocommercml quantities, and ji ey

Drese i c : .
Present gigantic sﬂver—lea(’l smelmnor. of belng the birthplace of the'

Its history, oy, nelting indugty :
\\l")eredat length oep:iri;tgvda;b::ef;r'aﬁter V&I‘iol‘)lrsx Ofiiﬁ;:esU ?Itimxl’xbm&
aban : eSsst T IMaces Y
been doelslzi l?elzloit 1870. The metZIIﬁrgl’?callstsfr but were practicafly ;ff;%tons shipped in 1871 is reported by Raymond® to have netted
tel wasg Chllrlcoaly R.Ww. aymond e gp g g Ocesses employed have % 3_78,‘000,. an@ the total ore mined in that year by the IXI‘IZOH{L Asso-
an alloy of lon and tl}e Products of the fi es D Hagues Ty, i ciation is given as 7,000 tons. In 1873 the output had declined to
lead and antimony, were shi 'rnace, silver bullion and 3,915 tons, of which 81 tons of about $330 grade was shipped to San
g Eeg i}o S&I} Francisco, B I‘?rancisco. ‘The mine continued to be worked until 1880, since when
eba mine closegto ;}0 discovery of 4 rich - ittle has been done with it. It produced in all (including the output
1€ surface led to flys -+ of the Henning or Wheeler mins, which yielded less than 5 per cent
daily o The town had twa- .4 of the whole) about $3,000,000 from approximately 80,000 tons of
’ Y ails, and Population ore. In 1899 the property was brought by John Ross and Neal Car-_
- michael, the present owners, who have not, however, resumed work-

as ]leﬂ,l‘l - 1 R c
found b&gﬁ?ﬁ??d, lzlthough at that t‘?; ’E‘;D?rt;eported the town |

eve y . ddditional ore had haey . .00 & commercial scale. .

% From 1860 nearly to 1880 Unionville, although perhaps rivaled or

stoped. At Present op]

are i Y two men ' T

¢ O‘annz;lg“;(;leog'ii}ree Tuined stonea:lil'ns are all ; }fll'rpassed for a S¥10rt time by Star City, was on the whole the most

is now the .hd 1; e brook, once foul with ta'pa that remain of the lmportant town in the Humbolc.lti rgglon,.and was th.c .local.su;.)ply

meadows ¢ of trout gn( sparkles thl mngs anq town refuze, ;- point for many smaller communities in neighboring mining districts.

) rough diminutive hay - #% There was considerable activity during this period near Dun Glen

pal mine e the Arg . - (now known as Chafey), in the Sierra district. The most productive
Tizona, owned and oper-. ‘mine in the seventies appears to have been the Tallulah, 2 miles north-

Other im ;
ort . ; ;

Manitowo 5 miznt workings were those of - - § ~ west of Dun Glen. Afterward the Auld Lang Syne mine became the
es. 2+ leading one of the district. The Monroe and Auburn mines also werc

sald to have .
e been bought by John (. Fall i, lgi}éef;&r%zogg mine is  § - t-
. : T 35,000. Soon } active. 4 =
! On the west side of the Humboldt Range mining was in progres:
at many places during the period when Unionville flourished. Amony

Xpl. 46th Par., 1870, pp. 300 |
ete., wushlngton, 1872, p 208, ) f\
. . . o Statistics of mines and mining, ete., Washington, 1873, p. 208.

a\“ﬂl.ﬂﬂ lmlustrv, u. s eol. E,
4 A + 8, Geol.
¢ Slmlsl.lcs of mines and mlnlng

’
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The Kennedy distri ) ‘88 - LOUDERBACK Grorar Davis.
str ' . A
and about 25 I)lflil 1ct, also on the east side of the Stillwat - i Geol. Soc. America, vol. 15, 1904; pp- 289-346. (A full and valuable discussion of
in 1800, 'K (‘,S. southeast of Unionville, first illwater Range . the general geology with special reference to the gtructure of the Humboldt Range.)
and co . " emledy soon became a flourishi , first, attracted attention Z Mrek, ¥. B. Paleontology. U.S.Geo\.Expl.40th Par.,yo\.t&,pt-.l,lS’:’?,pp.99—1‘29,
i nsiﬁ?rable work was done in th GSII{[}\% town; mills were built (Describes'the {ossil fauna of the Humboldt Range a3 Upper
€s. ter the ex . y 1e Gold Note, I . ) . S
) exhaustion of 0 ¢, Imperial, and ot} ‘
gﬂm&tlng Ini”g n 0 the Oxldize 1 7 other - .
. s proved unfit £ . dized pay shoots the :
Jead ores k! it for coping wit 1 amal-
, and since e ping with the co o .
> 1904 the district has sunk into (llflpl(,.\ gold-silver- -
: ecay. No mining \2

egion of the mud lakes. U. . Geol. Expl.

e

i
%

40th Par., vol. 2, 1877, pp- 775-800. (Describes geology-)

D. Mining and milling in western Nevada. U. 8. Geol. Expl. 40th -~

ining industry, 1870, pp- 296-319. (Describes the Montezumad mine ~

district, the smelting works at Oreana, and the mines of the Buend
untain districts.)

Hacug, JAMES
Par., vol. 3, M
in the Trinity

]

R
‘% King, CLARENCE

Plates X and XTI

ersity of California,
1 reptilian remains
n the samé

Memoirs of the Univ
al., 1908, pp- 18-19. (Describes fossi
a gives references to earlier publicatious o

Triassic.)

Menrkiad, Joux C. Triassic Tchthyosauria.
vol. 1, No. 1, Berkeley, ©
from the Humboldt Range alt

Middle Triassic {auna.)

L4
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Ravyonp, Rossiter W.  Mineral resources of the States and Territories west of
Rocky Mountaing. Washington, 1869, pp. 117-133. (Notes on ihe histary s2?
velopment of the Battle Mountain, Black Rock, Buena Vista, Central, Fis

Gold Run, Humboldt, Orofino, Sacramento, Sierra, Star, Trinity, and Wi
-mucca districts.)

Statistics of mines and mining in the States and Territories west of the P
Mountains. Washington, 1870-1874. (Contains much information concersis
development and working of the mines during the period covered.) "
RusseLL, Isravl €. Geological history of Lake Lahontan. Mon. U. S. Geedl &

vey, vol. 11, 1885. (Describes the great Quaternary lake that occupied the veliey
of the Humboldt region.) R
Srurg, J. E. Origin and structure of the basin ranges. Bull. Geol. Soc” \rmeriti
vol, 12,1901, pp. 217-270. (Discusses incidentally the structure of some of the g
visited in the course of the present reconnaissance. Mr. Spurr’s own field w¢
however, was south of the fortieth parallel.) '
[Wisker, A. L.] Chafey, Nev. Min. and Sci. Press, Nov. 7, 1908, pp. 623-42&;

(A good brief sketch of the history of the district and of mining conditions thersiy
during the summer of 1908.) :

'S,
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- SEVEN TROUGHS DISTRICT.
INTRODUCTION.

The Seven Troughs district, which is about 30 miles northwest «f
Lovelock, a flourishing town on the main line of the Southern Pacifie:
Railroad, lies on the east slope of a minor range designated on the.
Fortieth Parallel Survey map® as the Pah-tson Mountaing, but now
popularly known as the Seven Troughs Mountains.® The higher
parts of the mountains are dotted with junipers and the larger ravines
contain small perennial streams. Grass flourishes on some slopes and
for over thirty -years the region has been used as a range for sheep %
and cattle. The watering places maintained in connection with this
pastoral occupancy have given to the new mining district its name.
"~ The road from Lovelock runs for a few miles through the irngated
farming land of Humboldt Valley and then crosses obliquely in
northerly direction a broad and relatively low part of the Trinity
Range consisting of granitic and slaty rocks partly buried under
rhyolitic and basaltic flows. From the northwest base of this range
the road stretches straight across the bare and nearly level expanse
of the northeast arm of Sage Valley for 9 or 10 miles, to the foot of
the Seven Troughs Mountains. A more unsatisfactory road material

i

182

can hardly be imagined, and the many abandoned deep-rutted tracks
show that at times no road at all is preferable to one in which the

depth of the dust-filled chuck holes is a subject for anxious specula-
tion. ‘

a U, 8. Geol. Expl. 40th Par., atlus, Map V, west half.
b Oceaslonally referred to also as the Stonchouse Range.
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bﬁaallle better road than is used by ho
over &

t, three of which, Vernon,
’ £ the range.

e i istric
'l"l(ilecrse are four little towns 1M the dis

base 0 ¢
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EARLY EXPLORATION.

The Fortiet, X
Mountains a(.asm::ollz:;:t]'le] Survey map represents the Seven -
exposed on the hi ii g of & mass of Archean I‘OthC?en megﬁ};
b}Ut covered in the iuebl}‘l:x:?nm[t s and over much of t.i:c‘”\]\‘i- ;:r‘*lmﬁ
rhyolite ~'A' and eastern p; . ] > West sings,
Jua‘assic l:“;léﬁsys:]l))(());?};ntgl overlying ﬂg\:,; tsoc;!f 1;)}153b :1 ;l;lgc‘i).\' Teriog 40 1., bedc'ling and cle _ le : !
the east lope, just ! Tm es long and 1 mile wido 1'~.~ ]: n oares ofiziae ip varies an.d the slate is cut by dlkqs of a hght—col-m"ed rock,
Seven Tl‘ouoh; o .nmtf} of what is now the ce; t.s' 180 S}.)mm @ hresumably rhyolite. Near thie head oflthe ravine the s}ate isintruded
these rocks zom )rimn‘g (llstx'}ct. Hague and Em; ! I“Ia]m,n.')f Y i-'md memmorphose.d by the * younger grar_nte,” described by Hague
of general I)I‘Obalb ilist? blue lfmestone and shales “3]191? state- ihad _é’fml Emmons. This metaxporphosed mgterml was mapped as Archean
graphical evidence 1y’ but without paleontolo“’icid l} (,11', o {qm‘m"j iy these observers, and since the main mass of sgpposed‘ Afcheﬂn

The Archean r<)(;1 1ave been referred to theb J;ip-ovl«_‘_lsbt.l!n,-l. strati- ﬁfost of Pahkeah. Peak copgxsts, accord'lng to their descrxpthn, of
grained micaceons <Sha:re despribcd by the same \\T‘il;hlc'bfm'nmtma-' s bedded slaty schists, there is a s‘uggestlon that these also may be
anigles. Those gee schists, distinctly bedded and tf‘m%’ s very {.Em:. :mctamorphosed post—Arc‘hezm sedlm_epts. There was no opportm.uty
Emmons point  on tS&l_d_ to be cut by the granite wh's»]dndmg at high2 in 1908 to investigate this problem; in fact, not having the Fortieth
known Archean grz;n;:e SOf })atslic -character, V(-)z"y qli?‘l‘:z,r:itIIPwm f‘z:j ?a]ml%el Survey map at hand, I was unaware, while in the field, that
rock : of the regi Cre rom ihe "4t had arisen.

. of t]feoéiztf&gr\?at Intrusive masses,bs?;;)})i)slétudosely resembling the 4 The intrusive granitic rock at the head of Stonehouse Canyon is &
western part o ;tlelzit}dli ﬁn}(gl of sonie of the Il)rgm(;ié)notstqumssic are, i%fresh, medium-granular, ratlle}"(lark gray rock,k\}’hich evidently is
of un older granite. 1 f;)t asin. - They note also some s “;«‘5‘33 of the *Jg not very quartzose -and contains a large ‘proportion of plagioclase.

The voleanie ro; II—TO ably {\rcllezmn, on the west slo m“f exposures Only one specimen was collected and th.e mass undou.btedly contains
and some of the perlt: are l?rll_aﬂy described by the S‘pe of the range. ¢4 other varieties than the_ one here dgscrlbed. Tl}e microscope sho}vs

Little: information isl 1C varieties were studied and :ﬁ(rl(ml‘el l‘"‘:l"l(jrors,* ‘ g the rpck to be a.gmnodlomte, of }vhlch. the constituents are a p'lnglo—
of the lavas, and the Ig“fen. concerning the gured by Zirkel.¢ -»clase‘nem‘ andesine, o‘rthoclase,‘mlcrf)clme, quartz, hornblende, biotite,
of the distriet, now bei I;’:fzi;tles particul : ft\l\m’mtg, axﬁz ir_mgf;n;atlte. The plagioclase is a little more abundant

Appare URHIE prospected, wn the alkatic redspars. . o
Whexlllﬁg(::iy 710 mining ‘Vh&_tf.sver was in The rock from the summit of Granite Peak was &nalyzgd by Prof.
gue and Emmons visited them. Thomas M. Drown as follows:
Chemical analysis of granodiorite from Granite Peak.¢

§ wue and Emmons, who evidently did not traverse this ravine and,.
“aturally enough, mapped only the rhyolitic rocks visible on the
dees. At the old stone cabin from which the canyon gets its name,

milo or two west of Farrell, the slate is well exposed and dips about
avage being parallel. Farther up the canyon

N 51lcce§sion and structure
arly described are all outside

i,

2
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3 e rounded f M ate extend
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o be e\*p()Se S5 JUSC west, f
3 d westw of Farrell. It w-
head, and the belt is thus ta\fd n]mtl]g Stonehouse Canyon nemrI;tt “_‘:5
K 0 or three time . arly Lo s
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gue and Emmons to, be typical of the

This specimen is said by Ha
s similarity to the granodiorite of the

gestion of it
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y borne out by later work in that ra
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s U. S. Geol. Expl. 40th Par., vol. 2, 1877, p. 770,
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bably can be as-
ly known and pro. -
TERTIARY VOLCANIC Rocks, : ns are as yet Vel¥ llmp Z;f;f;g and detailed xmcrosfioplc :;(l)ril;
etul m =] . tic a
The Prevailing rock of the low, rounded hiji the ~ize od g3 “ned only by CMM to be glassy tuffs, in part r}ﬁyo is at least
Valley 4t Mazumy and for 4 1yile O More yp, Seven Trageag 4 Foldest rocks app{i ic grits. Interbedded with t eseb dikes of
Is a pale reddish—brosm lava much of wJ; I  busaltic, and ar osd loidal basalt. - These are cut by tly the
laminatioy, d & platy fmcf};ure i g How of glassy el ﬁ (;lt,-colored rock which is apparen Y){{ of
' compact, lithoidy) texture :;ncl co;lt . £ % “apact basalt anq of a d gite flows already described. OILe ¢ :dle
and biptjte 5 Other kinds 'are brittle berlitic glyses, & wf@ valent of the ;ruca ggvsz Troughs northward neal_‘zy toezss :}’ the
rock is pe visibly Quartzoge 1ts genery] , Ppearanca i5 90 rhyev i Srock e\tel%lsldlil(;ie Canyon and form§ 2 little I;Ogio 300 yards
little doubt of its siliceong character arose in the field, P dnel K mang into Wi rth of town. In Places it is fro;n bsidian or glass,
1t was mappeq a8 thyolite by 41, geologists of (}e Fortisly pung —pal mines no Troughs it contains masses of o led very near
urvey. The microscope shows, however, that nejher ety %‘3 Near tS EZZZI tln?s pirt‘ of the dike must have coole 1
orthoclage jg Present jp, Identifigbla Crystals, byt thai pi‘mﬂ‘ﬂ:&% f"h s_ugges Farther north it has g rude
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The b‘o£tiet1
1 Paralle] Syp
of the ranen 1 L RUrvey map shows th. i IR _
i € lfmge 1 the vicinity of Al'oll‘ ;) 10Ws that g4 considerable pestt ™2, : : ; i -
covered by basalt. D a Peak, south of Seven Treadd Jeiween the workings mentioned and the head of the ravine north
A e 3even Troughs are the Eclipse shaft, Providence tunnel, and vari-

visible along the ark scarps pres .
crest of ¢ ! llmabl_y of this e . .
he r s Tock, zy smaller unproductive openings made by lessees and prospectors.
the north side of Seven Troughs Canyon, about a quarter of a

;iihafxl'd vesicular basalt are alz)l:fg ﬁ“(t)n} near Vernon, an. bowldas:
S flow i ant 1n . g
'S probably Younger the wash near that sy #le below the town, is the tunnel of the Seven Troughs Tomboy
ning Company. This is a crosscut running N. 50° E. At the

i tl
ninesg, 1an any of the rocks exposed near iy
‘ e of visit it was 800 feet long, and the intention of the company

15 to carry it 400 feet farther. The tunnel first penetrates about
30 feet of rhyolite and then goes through a seam of gouge into soft
ritized tuffaceous beds with a general low dip to the northeast.
ese are cut by many faults, probably of small throw, and contain
sme masses of basalt. About 350 feet from the portal the tunnel

St ben Mining Company ; . ves through another seam of gouge into rhyolitic (or possibly andes-
vertical shaft, being suﬁ?—d shaft 280 feet, c%)eepygnlsu(fg\j?()pcul by s fic) brecc%a cut by dikes of zjglags or obs)i?dizm. Lolwer (]an the
8xpected to cut, the vein ) t&t the time of Visit in AurrUSt;lpl-t)(,;} WH anyon, near Mazuma, considerable tunneling has been done on the -
1S 4 lease on the eround &f & depth of yhoyt 300 feet, 'I"l \; waE :gaatlgep group of claims.  These workings were not examined.
Company, and Is 2Zpene 14(1)) the SeVgn Troughs 'Therie.n G ;CI A\ {h? ¢ In Wildhorse Canyon prospecting was in-progress in 1908 on the
about 212 feet. The Ii" Y an inclined shafg t, a Vertfcf(; ¢ 'h"m‘!-_ gﬁ"ild Bull, North Pole, and other claims. The Wild Bull showed a
nected.  Qthep Ieuées o llglfiergarten and Wihyja “"Ox'kin:‘ fu‘plh % ~diittle ore, but no shipments had been made. '
ductive in 19¢g Were tl? Blenen ground, in opergtjoy ])c: ATE 63 % North of this canyon the only active prospecting appeared to be
and the Sundil’e;- Jeases ¢ Bard and Jegg (175 feet ee ) uu “Sgon the Snow Squall claim in Victor Canyon, south of Farrell. It

. ’ : Py the Tler, -5 reportéd that lessees had found good ore in sinking their shaft,

“ izl but the workings were not visited.
- From the saddle south of Seven Troughs a long ravine runs south

On the nortl side of the ¢
Jand then turns southeast, embouching at Vernon. In the upper

S 2 v B AR /AN

ortant oy .

outl p owgt i:‘,,lh(;z}p ;{f ines is at Seyen Troughs. Jeed

running down ¢, Mazu’m ; ‘1 1es on the south banjk of I'j)c. ;

. both on the same vein " %Le th?. Kmderg&rten and Wihyj -’ir_mgﬁ
. . e Kindergartep ntine, ownedjﬂbl:uf;:a

The most im

e

¥

anyon 3

: p_Z-Od :1 ct].osc to town, are tha Mazuma

] Mmuc 1ve, ' The Mazuma Hijls ming,
Zuma Flillg Mining. Company; ihe

: ylng_east of the Mazumg Hills vein, byg

:Hills and Reagan mines, bot

Winzes fro; . S mine is opened b " . '
n this adit Connect with , Iezrrell II(]))(()uiI’:);Zd}It 1/00 feel(, 10”é’- )
elow and abayg

is al .
above the main leve] TI:eSO an upper disused adit about 100 feer. .
vas 165 fect deep at the ¢ CAgAN Is worke( through -I} ofr
ever, coul e time of visit, gh a shaft thas,
yer, could thep nly the 65-foot Javel how
vel, -

be exaniine
W e - ed, t} .
under water, pending the instaﬁ Ml}snboc;ttom level being temporarily

South of the M, .
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ROSEBUD DISTRICT. 25

OUTLOOK FOR THE DISTRICT.

Not enough mining or geologic work has been done to enable

1 period of many years.

yone to pass final judgment on the future of the Seven Troughs

listrict. The presence of very rich, easily treated gold-silver ore

23l fair abundance at several places within an area some 6 miles in
ength is highly encouraging. ‘On the other hand, it should be noted
Jihat the veins are not of great size and apparently are not as a rule
fof great length or persistence, and their character at any consider-
able depth below possible superficial enrichment is yet undeter-

mined. Moreover, it is evident that in most of the mines the country
rock may be. expected to differ at various depths, and it is yet to

In short, while

be proved that the rocks beneath the tuffs and basalt in which most

of the known ore occurs will be equally productive.
the district is a most promising one for prospecting and developing,
it is yet too early to regard it as one certain to yield largely for a

ROSEBUD DISTRICT. -

) SITUATION AND HISTORY.

The Rosebud -district is situated in the Kamma Mountains, a
minor crescentic ridge lying north of the Seven Troughs Mountains
and fronting with its concave northwest side the forbidding expanse
«of the Black Rock Desert. The main summits rise from 2,000 to
3,000 feet above the desert. Like the Seven Troughs Mountains,
the group is merely a part of the Trinity Range. The town of Rose-
bud, close to which the mines are situated, is about 28 miles north-
west of Humboldt House, a station on the main line of the Southern
Pacific Railroad, and about 35 miles from Mill City. There is a stage
“from Humboldt House about once a week, but in September, 1908,
no attempt was being mide to maintain a regular schedule. .

The Kamma Mountains have long been known as a source of sul-
phur, the Rabbit Hole sulphur mine having been worked since 1874.
This deposit, which has been .described by G. I. Adams,® is about
5 miles north-northeast of Rosebud and was not visited in the course

of the present reconnaissance.. .
Silver ore appears to have been first discovered near the site of

Rosebud in 1906. This was followed by a senseless ‘‘boom,” in
which, as usual, folly played eagerly into the hands of fraud. Con-
sequently, the town, which sprang up before the existence of any
considerable body of ore was assured, is now nearly deserted, and
the winds whistle through the unglazed windows of its most pre-
tentious buildings, abandoned before completion.

a The Rabbit Hole sulphur mines near HMumboldt House, Nevada: Bull. U. 8. Geol. Survey No. 225,

1904, pp. 497-500.
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?fo the Brown Palace mine shi

an o

: thepten qlut about 10 feet deep.  This, so far as
100s, | gopresen ‘total output of the district o o of
tomber o inospectmg and development v, o
: 1at year, and it ; ible’ i o
Western Pacific R&i’h'ond b Ssible thas v

s the district may ultim

Pred from 15 ta < the only ore shipped from the district. This occurred as & mass of
5 to 20 tons, In which the valuable constituent was massive argentite
dssoclated with kaolin, limonite, yellow pulverulent jarosite, and
4more or less oxidized rhyolitic material. - This ore was found at a
lace where a little north-south fissure with a low dip to the west
tioined the main fissure zone on its south side. The ore rested on the

inot wall of the minor fissure and did not extend over 10 feet from
the surface. ’

East of the Brown Palace ground is the Dreamland, with & 100-foot
vertical shaft and short drifts on two levels. The vein strikes N. 70°
{E. and is about vertical. Tt consists of hard, dull-white cryptocrys-
talline quartz in pyritized rhyolitic flow breccia. Its maximum width
is 1 foot, but it is irregular, splits at some places into stringers, and
apparently is not very persistent. The quartz contains more or less
disseminated argentite, and a little ore has been sorted and saved for
shipment. '

There are a few other prospects in the district at which work was in
progress at one time or another in 1908, including the Golden Anchor
east of the Dreamland. These, however, were not examined.

Although the rocks of the Rosebud district have evidently been
subjected to the action of solutions similar to those that elsewhere

have produced important deposits of the precious metals, it is not
vet apparent that any large or persistent veins have here been formed.
The little ore thus far discovered is so near the surface and is of such
s character that it can not be regarded as indicating deep and impor-
tant ore bodies, although the possible existence of these is not denied.
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RED BUTTE DISTRICT.
SITUATION AND HISTORY.

The small settlement of Red Butte, which consisted in September,
1908, of about 30 tents, is situated 45 miles north-northwest of Hum-
boldt House, 55 miles a little north of west from Winnemuecca, and
h . 48 4 rule almost micr ; 30 miles north of Rosebud. It lies neéar the south end and on the
mto which the rock is lareel loscoplc. The soft white material west slope of a rugged ridge, locally known as the Jackson Range,
embc_zdded 1s kaolinite. Thg dy altered and ip which the pyrite js . 4  but really connected by a broad belt of lower hills with the Trinity
and is generally of Jow grade epzs;lt appears to have no definjte walls - Range to the south. There is no regular stage to Red Butte, but the
the surface. b Ittle $50 ore hag been found n;t-ar ' district may be reached by hired conveyance from Humboldt House

o or Mill City. The camp is attractively situated close to a flowing
spring, on a gentle slope backed by the dark, partly wooded peaks of
the Jackson Range and fronting westward on the vast gleaming
expanse of the Black Rock Desert, broken here and there by lonely
buttes whose strange and sharply carved forms glow with the ethereal
colors of a desert landscape.

Ps, on the sam,
€ general zone of fissuring and

Here two tunnels, one 300 feet.

been run § ]
e . uninto the hill on ¢
Pur.  No ore hys been found in them O';-](;{')le)f;

pen <
ut (034 t 1 11 I'e z 1 L ne
IL“ [0} C 1 I e Ssu 5] Ol]e, \Vhe 1Ce w 18 Obt tl d

site sides of g sm
up the hill is y sy




28
RED BUTTE DISTRICT. 29
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GENERAL GEOLOGY,
For over 15 miles north of { = ' A
middle of g wide, deeply filled

he rock is seen to be composed of calcic labradorite, augite, hyper-
hene, ‘biotite, quartz, and much hornblende. The last is in part
sharply intergrown with the pyroxenes, but a considerable propor-
tlon of it appears to have been formed by the alteration of the color-
less augite. : ‘
3 Detailed petrographic study would doubtless reveal other varieties
%of basic igneous rocks, but for the purposes of this reconnaissance
2ithe general country rock of the district is designated with suflicient
tjaccuracy as gabbro. , o
Cutting the gabbro are numerous dikes of a light-gray to pink
#2aplitic rock that contains practically no dark or femic constituents.
westward and crosges obliquely & brogc 4 These dikes vary greatly in size and trend, and some of them-are very
composed principally of ark}; 1(&t road, low part of the Trinity Ranee <3 ifregular, as may be seen on Anaconda Ridge just southwest of the
8ists of the Fortieth Pdrdllel S €S mapped as Jurassic by the geole-' 773 settlement. The contacts between the dikes and the gabbro, as
blance to the Mariposa, slat urvey e fr‘om their lithologic resem- " exposed on this ridge, are close and distinct, but careful inspection
Jurassic limestone in the I?I of California and te slates overlving { shows that between the two rocks there is generally a gradational
. umboldg Range. The wrade for the -5 zone, less than an inch in width. Along some of the larger dikes the
and the slates have been well ex | beef],l carried through these hills 33 zone is.wider, and this suggested at first glance that the dikes were
e ’ ‘'merely belts of alteration in the gabbro. The dikes probably were
- injected while the gabbro mass was still at a high temperature, so
-that instead of a rapid chilling of the dike magma at its bounding
-walls there was a slight interpenetration and mixture of dike material
and gabbro. This feature is not uncommon where granitic rocks are
4. cut by the aplitic dikes characteristically associated with siliceous
plutonic intrusives. . :
Microscopical study shows the pinkish dike rock to consist of alkalic
~feldspars with some sodic oligoclase and considerable interstitial
“quartz. In some varieties the quartz and feldspar are intergrown
- as micropegmatite. Most of the alkalic feldspars are twinned repeat-
edly and irregularly according to the albite and pericline laws, and
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visible from the cam”;e. stratified rock, reported to be ]imcst':n;i s
Rock Desert, a few rfnllel:s 1: st;})ol-(lmate ridge along the edge of BI;cA‘; ' *{
The most abundant gabgroiltG' nortiiest, o & are intergrowths of both the albite and orthoclase molecules. Spe-
medium grained, and et rlc. lioqk near Red Butte is dark gray, - :g - cific determination of them was not attempted.
shows it to consist of  hypi h') Nch in hornblende. The ITﬁ("'os}rcy;;c . A considerable part of Anaconda Ridge, about 2 miles southwest
dorite, hornblende auvitel 1o of Red Butte camp, is composed of a compact, minutely porphyritic,
hornblende appea,rs’ to b: in’ )q1.1 dark-gray rock, which the microscope shows to be a slightly altered
derived from the augite. Mlo:tlb £t ] i andesite. - Presumably this rests on or is intruded by the gabbro,
ent, and fills angulgr inte‘rstices({ : '€ quartz.is an original constitu- ¢ but its structural relations were not- ascertained. Some basaltic
rock as a rule is more or le I)e ween the feldspar crystals. This & rocks also were noted along the road a few miles south of the camp,
T less a t'ered and contains quartz, sericite, .. between the gabbro and the slates, but they were not closely exam-
erived from the other mini:rﬁls. \' ' ined. One Kind of these is remarkable for the large size of the
’ plagioclase phenocrysts, which are tabular parallel to the brachypina-
coid and up to 14 inches (4 centimeters) in length. :
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MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. 31

HUMBOLDT RANGE.
' GENERAL GEOLOGY.
The IMTumboldt Range (see Pl. I) has a total length of about 75
miles and attains a maximum altitude, in Star Peak, of nearly
110,000 feet. As all who have written about the range have recog-
nized, it is divisible into two distinet parts, separated by a fault the
position of which is marked by a low transverse pass known ‘as Cole
Canyon. The northern division, called by Louderback ¢ the Star
Peak Range, trends north and south and is about 32 miles long.
% The southern part, called by the same writer the Humboldt Lake
4 Range, trends north-northeast and south-southwest and is over 40
4 miles long. The course of Cole Canyon is north-northwest.
According to Hague? the Humboldt Range consists of an Archean
nucleus upon which rest Triassic strata of great aggregate thickness.
These are overlainby Jurassicbeds. There are also, on the lowerslope,
. considerable masses of Tertiary rhyolite and basalt and a few rather
small exposures of Miocene beds belonging to the Truckee formation.
When it is remembered that the geologists of the Fortieth Parallel
Survey mapped an enormous area, that many of their lithologic
determinations necessarily depended upon the color and erosional
forms of rocks as seen from some commanding point of view, that
" their geologic field work was done before the topographic maps were
available, and that the science of microscopical petrography was
then in its infancy, no surprise need be felt that many and important
changes must be made in their mapping by those who follow in their
footsteps. TLouderback ¢ has shown that the so-called Archean
nucleus, exposed in Rocky Canyon, southeast of Ryepatch, consists
of a mass of post-Triassic intrusive granite with associated contact-
metamorphic rocks. The intrusion, as Louderback observes, prob-
ably took place during the period of post-Jurassic deformation that
affected the Great Basin region and the Sierra Nevada.
The Triassic rocks were divided by Hague into two formations.
The upper or Star Peak formation is described as consisting of the
following, numbered from the base up: '

=)
il

Tabular section of the Star Peak formation compiled from the description by Arnold Hague.

Feet.
5. Quartzite and overlying limestone...................... 4,000-5, 000
4. Massive limestone.......... et 1, 800-2, 600
3. Black arenaceousslates. ... ..ol 200- 300
-¢2. Slaty quartzites alternating with greenish.schistose rocks. 1, 500
. 1. Limestones. Dark, almost black at the base, passing up
info gray and blue varieties........ ..ol 1, 200~1, 500

e Basin range stracture of the Mumboldt region: Bull. Geol. Soc. America, vol. 15, 1904, p. 204.

b Descriptive geology, 1. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 714

e Londerback, G. D., Basin structure of the Humbolds region: Buil. Geol. 8oc. Awmerica, vol. {5, 1004,
P- 318.
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Koipato formation inO1 permit a thorough e; encies .of n haste -3 examination of it was made during this reconnaissance: The older
leave no doubt of its d 90S. Enough of it was amination of the " structure of the Star Peak Range was found to be broadly anticlinal
volcanic flows, mostly ominantly igneous char seen, however, to as deseribed bY Hague, the axis of the fold trending porth-northeast-
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some of the tufls m; the most part true ignez)u:m limestones. The & breadth. goutheast of it is the Buffalo Peak mass of the Star Peak
tion. As is to be y also hz}ve been includedporphyne‘?’ although % formation. Northwest 0 the Koipato belt the main ridge, from &
subjected to considexpected in pre-Tertiary 1 under this designa- | point couthwest of Unionville to the valley of the Humboldt near
erable deformation, the Or{W_as that have been ) Mill City, s also made uP of the Star Peak formation, overlain 1
iginally more or less A the vicinity of FHumboldt House by Jurassic strata-. Thus the north-
Star Peak Range has the structure of o monocline dip-
1§ faulting along the west base of the
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dinate part. No true Culmer?ts’ including 1imesto: Olc?mc complex, ~ castward’ tilting of the whole mountain block must

course of this reconnaiqq artzite was observed in thes, corm & S.""’ or- by so much the dip of the older monocline, which 188
ssance. e Koipato in the structural feature of this part of the range-

conspicuous
T QUEEN; MINE..
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- gy, U.8. G o alifornia, 1864
_¢Triassie cephalopod eol. Expl. 40th Par., \'<’)l 4 " I;IL 19-95. WUMBOLD
XXH-XXV, genern of America: Prof. 'P;r!)’e-l[}lsn, pp. 08-120, Pls. X and X
. faper Ty LS. dX . . - - .
. S. Geol. Surver No. 40 “’%Lm‘ e The Tlumboldt Queen mine g situated B miles northeast of Oreant,
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a Op. cit.

d Trinssic le T . . Ll a, - .
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ar M Cal., 1% hp. 1819
h e, Univ. California, vol. 1, No. 1, B
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Cal., 1908, 1 S
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phalopod ge
/Op. cit., p. 716. puod genern of America: Prof. Paper U. 'S
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’ y No. 40, 1905
y P- 26.
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According to Mr. Ada "and some good-sized bow

of the limestone. This rock was not closely examined, bui has ;'present mill, and the lessce stated tha

appearance of an intrusive mass. East of it the road over Spring “ibv milling only $8 a ton on what th
Valley Pass crosses for more than 6 miles the main belt of the Koipsisz; )

formation, which here appears to' be composed mainly of darks
- weathering siliceous porphyries. " The belt is probably wider than sg
shown on the Fortieth Parallel Survey map, which represents ths
spurs between American Canyon and Fitting as composed of the Ster
Peak formation, whereas they appear to be made up largely of
Koipato voleanic rocks, angular conglomerates, and tuffaceous gnis.
The lower ends of these spurs are capped by basalt, which is net
‘shown on the Fortieth Parallel Survey map. : ‘
Fitting, still better known by its old name of Spring Valley, and .
the settlement of American Canyon, about 2 miles to the south, were
flourishing placer camps in the early eighties. " The only lode mine of
importance is the Bonanzs King, situated about. half a mile south of.
Fitting. This mine, formerly known as the Eagle, shipped ore 1o
-San Francisco at least as early as 1884 and milled the lower grades s
Mill City. Afterward a 15-stamp amalgamating and concentrating
mill was built at Fitting, but this was not successful. The mine was
worked by a lessee in the winter of 1907-8, but was idle at the time

of visit.

The workings comprise a vertical shaft 300 feet deep, with level
~ 300 to 400 feet long and of generally rectilinear plan. The 125-foot,
level was the only one examined, as the upper ones are stoped to the
- surface and the lower ones are under water. -

The vein strikes generally N. 60° W. and dips 82° SW. It follows
an altered dioritic dike, which is about 45 feet wide. This cuts the &
rocks of the Koipato formation, represented, in the part of the work- =}
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Adamson contained abundant cinnabar in small irregular fissures in
dark-gray limestone. The vein is said to have been traced for a:
length of 3,500 feet and to have been opened to a maximum depth:
of 150 feet. ' |

" UNIONVILLE AND VICINITY.

Unionville is situated on the east slope of the Star Peak Range,
in Buena Vista Canyon. It is about 10 miles north of Fitting and’
15 miles south of Mill City. Although no longer & bustling mining
town, the quiet little settlement, with its running water, shade.trees,

orchards, and gardens, possesses-charms that are the more pleasing

because unlooked for in so generally arid a region.

The principal mines are a mile or two southwest of Unionville

The rocks in the vicinity
of the town and exposed along the road up to the mines belong tq, 3

and at least.1,000 feet higher up the range.

the Koipato formation and are conglomerates, grits, and limestones,
with much siliceous porphyry, most of it probably rhyolite. The
igneous rocks appear to occur both as flows and intrusions, but no
careful examination of them could be made in the time available.
The topmost member of the Koipato seen on the road to the mines
is a sheet of porphyritic rhyolite apparently a few hundred feet -
thick. This rock is considerably silicified and extremely hard. In
most places it shows flow- banding, which, while more or less contorted,
conforms generally to the dip of the mass as a wholeand to the beds
above and below it. In places, also, the rock is spherulitic and the
microscope shows that it is a partly altered, originally glassy rhyolite
flow. Much rock of this character appears to have been mistaken
for quartzite by the Fortieth Parallel Survey geologists from the
fact that its outcrops, seen from a distance, have some resemblance
to that material. Overlying this rhyolite flow are thin-bedded,
fossiliferous Middle Triassic (Star Peak) limestones, and it is in these
that the ore bodies occur. Although generally gray in weathered
exposures, the limestones are nearly black in underground workings,
and are in part shaly: They form an elongated spoon-shaped
synclinal mass, a little more than a mile in length and about 300
feet in greatest thickness, that occupies the summit of a hill on the
spur between Buena Vista and Cottonwood canyons. The general
- relations of the limestone and rhyolite are roughly shown in figure 4,
which is a mere sketch with no claim to accuracy of detail or to con-
formity to scale. Along part of its east side the limestone is bounded
by a fault plane, along which it has been dropped against the rhyolite.
A smaller mass of limestone, southeast of the larger one, is similarly
faulted down along its west side. This containg the Wheeler mine.
The Arizona deposit is a bed or blanket vein that conforms with the
bedding of the limestone and lies approximately 25 feet above the

hage of thisrocl or the top of the thvolite. The vein hac o rmasrinsa

i {hickness of about 6 feet and aver
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against the rhivol; e | .
° er ‘)’Ohte. I N s ias o ; . . .
1 the vicinity of thig fault ; Ny be“,‘ droggediin of drifts. The general country rock is rhyolite, which appears
ault zone boih the 1 be overlain by a rhyolitic conglomerate with a steep dip to the
Lower down the canyon and stratigraphically “below the

and its inclosine Ii
crushed, ﬂexedng:ulllcrinzzztones are, as a rule, disturbed. T} .
some of this dry \Some extent dragged ulo o e Ve st
crumpled and i;lgged material being g0§§ ore n% thc_ fault plassd@ssivolite are voleanic (largely rhyolitic) conglomerates, grits, and
less mass. I geEZfl? PIIaCes are mashed and Sq.u%?:i] ltmlestl(m&?“ Fiahaly limestones. All these rocks were included in the Koipato for-
and without goyge af the contact of the vein witf o L0 n strucio tion by the Fortieth Parallel Survey geologists. The rhyolite is
limestone have slip; n the vicinity of the faults- 1 its walls is dlwgaiimi by a complex north-south basalt dike, and both rhyolite and basalt
the vein disap :lpp ed past each other, and iI‘l N fS’ however, vein we much faulted and sheared along north-south lines. In some
‘The norma I:,(ﬁrs and 1ts place is taken by as ew parts of the méifidslaces this zone of disturbance is-fully 400 feet wide. The general
It generally 3110\:: Mmaterial is solid milk-white 3: I]n (])f gouge. fip of the zone appears to be about 70° W., but this is not clearly
some places is diVi(rir:a(()lrebortlle'ss banding parallel tolgit]:-%-m[:;' ‘1”;% hown and it is not known whether this is the same or greater than
evidence of any j Y thm partings of ) S Yills ang the dip of the associated beds. -
lized in Openl];));égrl);t)?st flell))lucementg, and tl‘,ﬁ]ees(;zz::tll l”l,em i " The ore occurs irregularly as bunches and streaks in this sheared
one or mor . ced by the separat; _ A cially near the basalt, and is for the most part
- separation iftll):(ei}?fl: gt Planes. The bangedasttl::cﬁile limestone sl 3 replacement of the cru's)}rled rhyolite by )galena, sphalerite, teptra-
. the deposition of cted by successive movement, Suggests that kedrite, and possibly some silver sulphantimonite, in a gangue of
 but it is I }?eu;lé‘tz. .There is a little calcizé (‘:ctl; f,qllo“""‘ﬁ 505 barite and quartz. The mine has never been an important producer.
cognizable ore constituents arelb;.:i}tm Qléz‘m’ In Jackson Canyon, between Cottonwood and Buena Vista can-
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some narrow stopes opened. No work was in progress in 1908 and
it is not known whether any shipments have been made.

 STAR CANYON AND VICINITY.
whose history has already

ing to Mr. Carmichg,
ela the ave
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all exposed fac
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" The rocks in the immediate vicini
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ted rocks—the porphyroids of the For-

. thin flows of rhyolite and rela
tieth Parallel Survey reports. ~These volcanic rocks are considerably
“altered and arein places partly schistose, so that the original character
- of some of them is not altogether clear. Most of them are rhyolite or
. thyolite flow breccia. Some, while containing abundant phenocrysts
e no primary quartz and may be trachytes. No

L .
of alkali feldspar, hav
elass remains in any of these rocks, and quartz, calcite, sericite, and

chlorite are common as alteration products. This heterogeneous
assemblage of sediments and flows is overlain, just above the mines, by

@ Oral statement,
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the massive
o ora ]l o
below th gray imestone of Star
e Sheba mi tar Peak, and i
mll, by dark slaty ,liniest:}]:: «‘lppm-e{u]) " underdsing @ figure 5 maintains its regularit ‘u) to the lev
s m which the streszigg m?el a (l’istf;nce of about 1’g00 f‘eeg 1A short way above this level it
) « d - 3

has ex
xcavated g
. more o
me en vi
mentioned were placed 'I;n t\}fl‘tlley than at the mines. AJ] :
e - 2 { ; . . .
‘ the mﬁ%} Snters limestone and at once changes in character. The stopes widen

by the :
geologists of t] Star Peak formati
on pa 1e Fortiet! ormation of the Trissdis
page 31, the abundance of \lf Il)ar&.ﬂel Survey, alth Ourfl]'m T”‘“‘% %} 20 to 30 feet, the vein splits, and the whole deposit becomes more
olcanic material at the "S;]’e;’ Rt egular and, as indicated in figure 5, has a general dip across the
Sheba mingiedding to the east.

suggests the e
. possibilit .
tion. The . y of their correlati vt
general strike of the ation with the Koipato . . . o e
l forma- E(The Sheba mine produced an antimonial silver ore consisting of
: ite, galena, sphalerite,

50° W beds
* and flows is N :
Th. . s1s I\-' 150 E. L . K . .
oo eGISSheba bonanza was close to ti ' They d_’%{ white quartz carTyng argentiferous jameson
comsiet (\l\gre carried into the hill o the surface and, as the st - Faghyrite, and tetrahedrite. Possibly other minerals rich in silver, such
oo ed in part of several 'dist’i proved to be large and irreg ng" and s stephanite and argentite, were present in the best- ore, but these
certain bedding pla net lenticular seams of or:rl:};rt. ;:; ‘ferei nlot og)sexc‘lved in the material now visible.. Jar}x;esonitle is 1p;r—
ol itlicularly abun ant. s who analyzed the

_stone g, . nes in W H : .
nd the- associated- grits angle limestone or between the linsed According to B. S. Burton,
ind volcanic rocks. . 1 the lime-': 8 minerals many years & te from the Sheba mine con-
¢ tains over 6 per cent o

go, the jamesoni

f silver and the tetrahedrite from the De Soto
| mine 14.5 per cent of silver. :

: During the last opemtioh of the mine the ore was carried by an
- gerial tramway aboub half a mile down the canyon to the mill, which
' is equipped with rolls, Huntingtons, jigs, and concentrating tables.
~ The De Soto mine, which was worked in 1861 and at various times
 since, 1S immediately south of the Sheba mine and is on the same zone
of mineralization. There are two tunnels. The upper one, which 1s
; very devious, oxtends about 600 feot into the hill, measured in 8
_straight line. The lower one, not safely accessible at present, is about

- 900 feet long. The rocks are In geneml the same as i the Sheba mine,
" and the ore. occurs similarly along bedding planes and in fractured
- limestone. Most of the lenses of ore along the bedding planes appear
" to be connected with one or more veins that cut the beds. The be
© veins have been stoped for distances up to 100 feet from these trans-
- verse fissures, which apparently are branches of the now filled chan-
nels through which the ore-bearing solutions rose. The ore of the
logical character to that of the Sheba.

De Soto mine 18 similar in miners
1 from the Sheba mine, on the south

‘About a mile down the canyo
* side, is o quartz vein that cuts black shaly limestone and carries stib-
A tunnel has been Tun in on the vein, but apparently the

HUMBOLDT RANGE.

TY, NEVADA.

el above the main

o In many plaes
neti?o :{:&I;ls were connected pbﬂvct
o 3 veinlets across the li;nc%;
| Vel.nletsews,_ an(%) where these (‘T(N;a.‘
ere abunda : whol
:gass was stoped as o?‘: iy
: .
s (il‘ehwas the_rock most fractured

and vas the ore bearer. As n’ rul

r : . <
o a(;stﬁrossmg a bed of ]inmstonca
on he plane separating this bed
’II‘Ill grit or rhyolite ° *
\e original .
mmiﬁe((imgnml pay shoots, which
LB ; \rough an area over 3 |
A eba (i)et long from north t th amd
- : o south

find any deep continuati lmu:ttejognfdee? ot vain s soonae]:{
wbandoned. © Aomti 1;j}zlztlon of the ore the ,Sheb; fte.F P obiompts o
the pay shoots first st(:) }’e(? oy 2 however, it Wl:me cr for i
regular fissure vein, . Iﬁpe were connected with  algumed that
- “ft. hand, but after the VZ o poped that o new eraa }veH-deﬁned s
of mtllf"l‘ more than 100 fm had been worked to y pl:o.sperity i
discontinued. So far ok beiow ihe old sto s oparaton v

the vein below the ma,?xsl 1: o™ there has begss plontin
the deposit are diag el The genoral el o o
o deposi tunnefliammatically s gen ﬁ:l; structural relations of -
runs N sy e 8Jgas its portal at the boazl(l)jfl > |
which on this level is (imt 800 feet through tuffs a C(l)f R iy
dips Trom 65° o pos gv rhyolite. The vein stri(l\n o {0 the vein
> . : . - i -eS ,
quartz with bunches of su] II-'t 18 up to 3 feet wide ne”‘rl}’ o of i
gt vith b phides, and bt ide, consists of solid

et, but apparantls § been stoped on this level §

‘ or

was ]10[ ’ i ow o e, 1 ng ob-
¢ O ] V ra 1(3 C
o S t ttl hid )b

Fiou: i .
RE §.—Diagrammatic sec

orebody. ¢
d, ore. » Limestone; b, tuff; ¢, porphyry;

nite.

deposit was never productive.
th of the Sheba mine, is another

Tn Bloody Canyon, 2 mile or two sou
stibnite deposit, which has been worked in desultory fashion for many

years and from which some shipments of good antimony ore have
been made. - 1t was not visited. :
RYEPATCH MINE.

On the west slope of the Star Peak Range, 5 miles west of Union-
ville and 4 miles east of Ryepatch station, is the old Ryepatch mine,

which after producing ore of the currently reported total value of

a Contributions {0 mineralogy: Am. Jour. 8ci,, 2d ser., vol, 45, 1868, PP- 36-38.
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“about 600 fect and the total width about 250 feet.

and dips 25° W. . On the east this vein is cut off by the fault; on ihe
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. : : e on the
MINING DISTRICTS IN HUMBOLDT COUNTY, NEVADA. ¢ 5e merely a fissure that bounds the or
00 ' ' in i is merely & fi
' in i y : Alpha vein 1tse
over $1,000,000 has lain idle for more than twenty years.  Originafi§ i The Alp

) R ically no
Y . 11 with pr&Othﬁ J
: : lepsided hanging wa
. i o, smooth slickens
known as the Alpha or Butte mine, the property was sold about 1372 est. 16 e
for 880,000, and took its present name at the time of that transactionse

: . The Rye-
i t itself continuously. filled with gga;iz almost con-
souge and 18 n(:,he other band, curried quartz &
The workings, comprising several tunnels and extensive stopes, 818 atch vein, o7
on the north sidé of Panther Canyon, in thin-bedded, more or les
altered limestones supposed to belong to the Star Peak formatict

to the junc-
] t opened down "
int where 1t was ﬁrs. and had a
pnuousty fronﬁhle p{ci);Isl\ir\e. In places this ore was narrow
ion with the Alpha
The metamorphism, probably due to the granitic intrusion of Recky
Canyon referred to on page 31, is not here Very conspicuous, con-

. . 1 . . ] ] ‘ ] ] f ] f t . 11
Sls‘ Tk eﬁnlte &ng y

N . the broken 1ime’
distances and in very irregular fashion into
Stior long distanc
silicates, probably belonging to the amphibole group, and in some
beds of a white mica in almost microscopic scales. :

ha fissure, SO far as
11 ficure 6. TheAlP. repatch
“ione, as roughly m(:)lca(‘;egeﬁ;w gthe Ryepatch vein. The Ryep:
- St en '
The structural features of the deposit, which are unusual, may be
most easily understood by reference to figure 6.

re, but becomes
known, €602 I';()twg:s{twabrd peyond the Alpha fissure,
sein continue

junction.
rade beyond the Ju K
nd of much lower g the main work-
smaller, o7 {eg(\)lrlx?;,(gstance down the capyon from th
A lower tunnel,

in. The
ith the hope of cutting the Ryepatch vein

1
. ; th. The tunne
ings, has been ruﬁla:vlnot been identified at this dep
2t vein, however,

g y
,

in. fcite
L. t of the Alphﬁ« vel_ . f quartz, calcits,
or similar fissures 'wlesf the Ryep atch mine consists O gt,e pha;lite and
The vein mateml& 10 o totrahedrite, and perhaps.
nalerie,

' Sl calcite, galena,
e, galer’ll?}; Sgest ore is said to contain little or no ]
E% ‘argentite. e

4A'Dha vein

or sphalerite.

R of V.I?-\.lt"
W retad 15 vre 3

ELOORADO GANYON.

A Ryepatch vein

Ill h.l f lnhe[eSD mn El(l()lﬂ:do Ca]lyon at IeSellt lell‘e {‘0 n a
15 € (l m
p
ecC e

:n 1908. The Ruby
i rospected in
. nabar that was being P
deposit of einna

1dt House 8
‘he is about 6 miles southeast of Humbo
innabar mine

: £ Star Peak. ) i
nOI'thWeSt' S].Ope 0 i longing to the
miles by road), :sn itlhi dark limestone,.prgs%m&t\)}geg;mlgtu?meling.
The ore occu been opened DY 8 L ey AT
iassic, and has . but at the mine the3
Star Peak Triassic, &7 ~generally west, DUV 0 o metve a
;th?thbb;m ﬂhﬂ: V-\l“g“{yt‘t?‘ep“t‘&s ’18&1'“ea ,U"&.(’{ﬁlt.ﬁﬂ ““,5‘211;}6:;11 the {rac-
+ much disturbod 53 n;bar/ié irregularly dxstrlb‘étieloped ti)s o rolling,
 that place. The :111?1 the deposit as at present de
tured limestone,

: nd 6 feet
40 feet wide, an N
. bout 80 feet 10“%; tenor Of the
' nearly horizontal ma@i/[: W. G. Adamson, the %I“Ilemcg}inabm‘ occurs
thick. Acco'rdlr‘l)g .t;) 2 pg;,r cent of quicksilver. e
whole body 1s gbou

(%] k) e(,S S l h h 1 iespe(,l\S (hl Ou(’ll‘

i it has re-
but in pu.rt it !
“t has filled fractures, | I, which the
out the T ll'n pi?ml—)t Some of the material throug
estone.
laced crushed

] ’ U
a |lyh elllﬂll(:e t“(l

Y ’ i S CTOW ‘Cd
fe) tellﬂ.l 1sC oW
| . | I)(}c(ks (li‘ (;l[lhubﬁl' llnd Of p y 1 0.1 ]lull( ﬂslte. [ h

FIGURE 6.—Diagrammatic section of the Ryepatch ore body.

The Ryepatch vein, which follows the bedding of the ]imcstone,}wﬁssé%
no recognized outcrop. - Originally a shaft was sunk on a fault fisseré
that showed obscurely along the west side of a little lateral raviz,
eroded along a decomposed basic dike. (Seefig.6.) Ata depth of
30 to 40 feet ore was found in & bed vein that strikes about N. 15° W

west, at a distance of about 250 feet from the original discovery, it iS':
joined by a fissure that strikes N. 25° E., dips 75° SE., and is known

as the Alpha vein. All of the ore stoped came from the block of
limestone between the two fissures. This mass is fissured in all direc-
tions and much of it is shattered to fragments. The ore, consisting

of shattered limestone full of bunches and branching stringers of
quartz and calcite, occurred as great irregular masses bounded in
part by definite fissures but grading on most sides into country rock.
The total length of the ore-bearing ground, from north to south, was

a Raymami, R W.,.Statistivs of mines and mining, ete:, for L. Washingtam, 850 3. L3

w»
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weight and dark colo O NEGaDi. PR R N

but veri . T suggest also the p

gty lnﬁca'tlon of this supposition ° Presence of .metge;
3 Iuxture of sulphides. Thg iy PrACtc

: lmestone aj

minutely fissured g
. nd faulted a :
pecially under the ore body. Eﬁ?dgg?lg'mt?lse m{}uny
. re has

ith the silver ores and in deposits not containing notable quantities
‘eof the precious metals.

The tendency of the ores to deposit as bonanzas in certain struc-
urally favorable places is noteworthy. It is exemplified by the bed
eins of the Humboldt Queen, Arizona, and Wheeler mines and by

able in s &

associated solution X

Cavitiog d with the deposit is probably ( » and muc he remarkable ore bodies of the Sheba, De Soto, and Ryepatch
and a settling Y due to the colj . . . -

g down of ¢ } nines.  In this connection also may be noted the close physical

drelation between the character of the ore body and the kind of wall
rock and the fact that none of the deposits in the limestone has main-
ained its size and tenor when followed down into the underlying rocks.
 The absence of persistent veins at all comparable in richness with the
masses worked within a short distance of the surface is one of the
4 disappointing features of the region. The bonanzas apparently
represent continued accumulation or enrichment, in favorable spots,
of material that came in through channels insignificant in size or
unsuited for the precipitation of rich ore. )

ha
Ve not exposed any vein or figg

able main chan;
m nnel th .
present position, rough whic

ure that can pe a

ceept ,
h the ore censtity pted us a prob-

ents reached theiz

as in the past’

Gard i
rden, Santg, Clara, ang » Prince Royal, :

. . ther
INgs was visited. Th ° eayons.  No '
: . e Imls . ne of ‘th 1 worl
miles east of Humboldy ;}hy (f(?rmerly the Morrison) 1:;?2@0]:11})‘; otrf:: ;
, about 6.

ouse, 1s T
s epox_‘ted to be 300 f PAHUTE RANGE.

GENERAL FEATURES.

The range east and south of the Humboldt Range is desig-
nated on the Fortieth Parallel Survey maps and on Spurr’s® map as
the Pahute® Range. Although this name is not in common use by
the inhabitants of the region, it is here retained as a convenient term
for thé entire range, since the various names locally employed apply
only to parts of the whole. - Thus the northern part, east of the
Humboldt Range, is commonly spoken of as the East Range; farther
south it is the Table Mountain Range; and still farther south it
appears on the Land Office maps as the Silver Range or the Stillwater
Mountains.

From Humboldt River on the north the Pahute Range extends
south for 50 miles, past Granite Peak, to the fortieth parallel. Here
it bends and sweeps southwest for another 50 miles across the course
' of the Humboldt Range, and then again turning south continues
to the vicinity of Wonder and Fairview, where it merges with other

c(;r}‘ltam tommon charget,

: . } erence. - T ; )

cially in the limestones of gh - ey ceeur i Trigssic rocks espe
. ' X

T M : . Y ]
provincin] unity or eristics that mark their

(')I‘l;leir a,gg Is not defi- - mountain groups
ave been ¢] . ‘
. osely The rocks of the Pahute Range are generally similar to those of

the Humboldt Range. The two divisions of the Triassic are well
represented, and the geologists of the Fortieth Parallel Survey have
mapped some Jurassic beds along the west flank of the north end of
the uplift. * Exposed at several places over cons'ii:l'emble areas, notably
near Granite Peak, are masses of granite rocks, which, although
referred to the Archean in the Fortieth Parallel Survey reports, are

hitely known, but ip

1
¥
. i
S time. Mineralogic- &
ery widely from the /}

California veing,
The ores, ag 4 rule
t‘hap gold, wit} i
Phantimery 1t _and - Stibnite (op
: ) Ja ther ubundunt, boill(:

a Bull. U. 8. Geol. Survey No. 208, 1403, Pl I. b Or Pah Ute.
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at least in part post-Triassic. It i 2
Igck; occur in the range. Large a,trelzsxsd::;}z:fiu lIlWh%her any Arche&—;ff in Plate L. A bout 24 miles north of 1 e iy i
mgé cﬁis, ngrth o Sou Springs,nd ;-,he vici&ni{ so?theast of Spaukd-¢: reported, are some promising cOPPer prospects, and 6 to 7 miles
e < o Ter?mry ings, and in the vici: ﬁy of Table Mountain,; farther north, at the end of a low spur projecting into the valley west
covered by Tertiary volcaric flov: “tuffs. In the course afsdof Chataya Peak, s a deposit of magnetite, said to occur 1n green-
as crossed at only two Ph"@“’? stone, although the Fortieth Parallel Survey map, probably in error,

and. it is conse . '
quently im
! ) possible to add ¢ . :
I‘I;t:k:lreudy been published on the gezegallztyr t&“?g Of value to whstigshows Tertiary basalt at this place. According to Mr. John T. Reid,
are much folded and the axes of the folds ngl‘s.Ot T;\et x\ie.somig;j about 1,000 tons of this ore was shipped to San Francisco in 1893-—4.
related in an

regul : ' ) - .
gular manner to the topographic axis. As Louderback® I A few miles south of Coppereid 18 & DEW prospecting camp called
i rback ¢ hsas , .

- shown, the
) form of at least a part of the range has a much cl Shady Tun-
. uch closer; -

ep 0 0 lt [ er tln[ f“;ll].i;l“” (o) -\l {3

CHAFEY AND THE SIERRA DISTRICT.

The new town of Chafey, which in the late ‘summer of 1908 was

rapidly covering the old site of Dun Glen, is 10 miles northeast of

and the country, especially
, especially south of Grani 5, i
ranite Peak, is less frequented 3 Mill City and about 20 miles southwest of Winnemucca. After the
s ago o little desultory

and is roamed b
: vy herds of musts St %
ustangs of wild horses. At the norih  closing of the Auld Lang Syne mine many year

end, about 10 miles n
’ ‘ 0 k- .
ortheast of Mill City and just south of Dun Glen . e ding e ot

Peak, is Cl o .
) 1afey, formerly Dun Glen, in the Sierra distri . “# work continued near Dun Glen, especial
a district. Tiptop. ' veins carry free gold near the surface. According to the excellent

[&

south of Chafey. So
. uth of Natchez P 1
ass is Orofino Canyon, where r page 14, what was known as the Hendra group of claims was bonded

some mining was done thi

. rty to fort . :

: Z;E;L:;E:;e are old worked-out plucg‘sb.ye&éso?(% Ofgfmld Rock Hxl l C““".li’ to H. W. Kent in 1905 for $10,000. Under his direction & vein that
y situated close to the divide betw anks, not visited, is 7§ assayed well was cut in a short tunnel, but the discovery appears not

etween Grass and Ploasant llowed up. The gI‘OUI’ld was next bonded to Charles

valleys, whether 1
Ml ,re rer in the Pahute or Sonoma Range w : i tohave been fo
ported that the camp, after a brief f;eriotls nfo base G.I‘talncd, ‘4 Harlowe for $30,000. He interested E. S. Chafey in the prospect,
' ¢ &CtIVIty,‘lmd 4 and the latter undertook to raise the necessary money to develop it.

become ver L
y qulet 1n 1908
In Fren ’ . :
s voin ch Boys Canyon, north of Granite Peak, a li .4 Mr Chafey began work about June, 1908, and by September of the
Ko g on in rocks shown on the Forti ) & little prospecting 4 - ..+ to have shipped enou h ore to purchase the mine
Loipato Triassic. Tt ) ortieth Parallel Surve & same year is sal ipp g P .
; hey are conspicuously metamorpl y map as 3§ VWhen the camp Was visited in September, 1908, 1t presented g scene
rorphosed to slates of brisk activity.’ Buildings were going up on all sides, and freight

and schists, contain
, abunds i ‘
ant epidote, and show very plainly the lmost buried in dust, WerS plying beck i fr®
a S } .

influence of th L L |
e granitic intrusion to the south. é teams and stages,
i between the new town and Mill City.

The ravine to-which the name Dun Glen appears to have been

The mini S : E
ning di
g districts are more sparse than in thé Star Peak R i
ak Range, ;3

]" ‘ ] t i l ] E ‘ . .
t )

"the summit of Dun Glen Peak heads in a pass through which goes

the road to Winnemucca. The length of the glen is about 4 miles; -
rs are all oD

and the claims about which the present activity cente
the southeast side. At the northeast end of the line, just south of
burn mine. = About 2 mile southwest of it is the

the pass, 18 the Au
Auld Lang Syne mine. Both had been long idle atb the time of visit.

A mile southwest of the Auld Lang Syne is Chafey’s mine, on the
Mayflower claim, locally called the Black Hole. About half a mile

southwest of this is the Golden Bell tunnel. South of the tunnel,

across a small ecast-west ravine that opens just below the town ©
Chafey, is & spur known as Munroe Hill. Here are many small veins,

upon which lessecs were busily at work in 1908.
11448—Bull. 414—09—4

About 30 miles n hi '

) ittle west of 'S

Cunyon ne ‘ SU o south from Kennedy, i !

mile); l“r Table Mountain, are nickel and cob lty’ i Cottomvood
' _sout \ of them some Acopper denosit a1l veins, and a few

at any of these in 1908. or Copostia

Still farther so

£ uth; on the w ;

the Whi L0, west side of the O ey e

hite Cloud district, where a long crosscutr:l?fﬁéllsiscti)gperglgl, in
ing driven

No work was being done

Cﬂm[.), O‘Vlng tO tlle gellelﬂ,l tOPOgI&p]ll(b (‘l]l(]. ge()l()gl(: “HM;(H“H(;’ ()i
Lhe T()rtle ]l Lile S y ) ] 1 {
) ains In ou )t.

Itisin T. 23 i
N, R. 34 E,, and is apparently near the place indicated
] 8

a Op. cit., pp. 322327, '
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The rocks i vicini l
s in the ICIIllty of the mines mentioned were mapp d
C

Star Peak Triassi .
the few hou:sm:f;:n}a) yint}:lal Fgll-rt;eph Parallel Survey geologists, and:
L : : _ e district wer : Sty SREY
revision of . e not suffi
of their stratigraphy. West of the townm(;I;: lz;)arrlf.mlmd;’
¢ slat

_ rocks suppo i i
pposed to be Jurassic. Similar slates underlie the town o

Str Of th i tl() O 15 "01

general appearance. |

As the visitor . .
. goes east from Chafey and cli
mines, he crosses the strike of the beds };nd pazgg ?isrstth(?vﬂople ltxo f“c
s ds er dark clay
L. and dip' 80° W. Lenses of limestone -

slates that strike N. 15°

appear in the slates as ti i
p ‘ he min X
mineralized zone itself. the slate :,Snda I‘leirif Phrouched, and o e

- belt ()f {l,lbel e(l 12neous Io I\S llﬁ,t are 101 Ll € Mos l)ﬂ] OwWSs a d ﬂo“
01

bICCCI&S more or 1 1“‘ II V W”ll 'l]e Se{ll“]e“i )7 Ihe -
Wldtll Of thlS I)I(‘ﬁ(i()“l]“ﬂ“b] y Igneous l)(}“ was “1)1 aS(:e[‘1 al (I b ‘,
ar I‘OCkS. . R

was reported to be about half a mile

g

\’ ‘ .
) pe

o .

schistose. The micr
o : oscope shows that tl iocls
a . z at the pl
mr; dt(}l.flgl(l)lfy&ongmal minerals now recognizabll)eagl%ﬁgse Phe(lllocrysts
: n - . T i
“secondary mineii%sei?ti 1(1)1'f gutr{rtz, calcite, sericite, ka(ﬁizugnzln ?)ilslci
“or facies. . T I eh the proportions vary in di : :
breccias thathl?u?;dl\)z;:pfr(iile%t vitrophyric &ndes);tenﬂdolgf:rirlllzﬂf(l):\i
have ¢ e olded and compres i '
m‘(:fed(ill:z;elg;f)e;ll Inciplent schistosity. Cutl;)tin:(:ﬁ rﬁz}iotcllle slateg and
() . 5
texture. In tﬁﬂlﬁﬁi?:ii dmlb ane (dolerite) with t)’Pié:fri’tIl’%?&i
brownist in trancmi e plagioclase and th wugit ich i
or less s(:rrz(rlmlin-tmnsmltted light, are fresh, but sh: ‘i)%ilfﬁ) whieh is
e uenlt) : nized. "l‘}{ese dilkes show no evidence of 'ne 18 more
" qu o their solidification, and w of compression
e folding. ’ ere probably injected after
The Black Hole worki |
orkings, which :
and at o gs, are about 1.mil
1908, o f‘;e;ll];g(;? :%(;ﬁl%r;gge; elevation, consisted ear?yeians tS(S;t(eJrl:g:y
! . ‘eet long : b
extending about 25 f ee g, partly on the vein, with
- ( eet up fto the surf » With stopes
grf’bleSS also through a new inclined sha;tace' EXploramon' was in
rifts. . , 60 feet deep, with short
The vein, which is of soli '
s of solid banded
N. 50° . ed quartz up t : :
50° E. and dips 45° to 50° SE. It accoglp(;n(ic?? gilfbe’ Strcllli{lfs
Dase {0

trlle Juras . A N f tlle diStI‘ict \Vh tll 1- . .
sic and Triassic on the Fortieth Paralleerur(irel;ilfS:a? m;f!: :
; should -

have been draw
en drawn west of Dun Glen so as to divide rocks so alike in
. - n l

estone are succeeded by a -

- «M‘MW
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volcanic flows and associated slates.
been done little could be learned of
the foot wall is limestone.

" and cuts obliquely across the
As almost no crosscutting has
the character of the wall rock. At one place

The vein minerals are quartz, galena, pyrite, sphalerite, and native

4 gold, some of the gold being partly embedded in the galena. The

1 gold seen is pale and probably contains & good deal of silver; according
to Mr. Chafey the ratio of silver to gold in the ore is generally as 2 to 1,

4 by weight. The richest ore occurred in the oxidized part of the vein,

but this is very superficial. A short distance northeast of the Black

2 Hole tunnel the vein passes into one of the andesite flows and splits

{ up into a zone of stringers. At one place an open cut shows such a
i zone over 16 feet wide, with slate on the foot wall. The richest ore
{ from the Black Hole is hauled to Mill City and shipped. The lower
grades are treated (1908) in an old 3-stamp mill at Chafey.
The Golden Bell tunnel, about 600 feet, long, follows a regular vein,
with an average width of approximately 4 feet. It resembles the
vein at the Black Hole workings and is presumably the same, although
-no accompanying dike was noted. The foot-wall rock was not ex-
_posed at the time of visit, but the hanging wall is altered andesitic flow
breccia. Some stopes have been opened above the tunnel and evi-
- dently some ore was shipped or milled. No work, however, was in
_progress in 1908. . ’
The veins of Munroe Hill strike nearly north and south and are
They are in partly schistose andesite and andesitic
flow breccia, and one of them, at least, accompanies a diabase dike.
" The entire zone of veins is at least 300 feet wide and appears to repre-
sent a southern extension and splitting up of the vein worked at the
Black Hole. At the Bishop lease on the May Muller claim some high-
grade ore was being taken in 1908 from & vein on the east side of the
The vein is from 1 to 2 feet wide, strikes north, and dips 80° E.
% It has o diabase dike along the hanging-wall side. The ore, which
4 was being taken from an open cut near the top of the hill, was oxidized
and contained free gold, with probably halogen compounds of silver. .
A blue-green material occurring as specks in the ore and supposed by .
the miners to be bromide of silver ‘proves to be chrysocolla. At
- another lease, distinct from the former, although known as the Bishop
& Co. lease, a tunnel was being driven on the north side of the hill to
cut some ore discovered above, and at many other places on the
Munroe Hill lessees were sinking shafts or beginning tunnels. The"
_ore thus far found on the hill occurs near the surface and is probably
considerably richer in gold than that below the limit of oxidation.
The Auld Lang Syne mine was worked through three tunnels down
5 to water level, and the quantity of material on the dumps and at the

1 almost vertical.

zone. -

site of the old mill about & mile above Chafey indicates that lgrge and
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productive stopes were opened. Where the stopes come to the sur-,

face an excellent section of the vein is exposed, which is illustrated

y 1. )
ﬁ uIe; ocres ()l ange ( V1) LLGIL d S ll:ll 1 tll (hO 1te’ and

tend farther north in the vicinity of Kennedy

1 ‘ \‘V (8] \% y l Other
an 1s R

4 g 'te ”
hills directly southwest of Kennedy, shown 1as re%;‘(;:in;-y
e ome Jes in that direction made up of altered p yrlivid
'{zl‘e fgijbsl(j){m’;nil;sic) voleanic rocks, with perhaps some s€
pro ‘ - . [
O e diorite the vicinity of Kennedy is, as 1llsua1 in such leltrollfs;;;
i o md ther uniform, and it is possible that mu O e
bOdle's, e &1'005-,6 stock may be gmnodiorite or some quart? edbv
Grandte 2w Sthat type.> The rock in the pass west of &ex;nw 35
o I‘OCE n?ail;'l representative-of S0 muqh of .the ma.sses(ll m;k
SPROn e “)e’ This is & bright gray, medlum—‘gr?)m | Tock
e o rM}t‘,bh;)rnblende and biotite in & feldspathic Aasse hose
§h3'm'11cll%islb‘ég(rlsﬂ‘£ls are not distinct to tl;:)e1 nake;lt Ze(j)ysee. 8
Band. jorite 1 icea ua .
e Spe'CimenS’ thig\l\?sn:fm;i tr,lli): fltlacl)ctilspars z:rg mfx,inly oligocl',lase at?lc;
oy HUPYOSC:I:ivsthS of oligoclase: or alb.ite Wlth‘ orth(;)c Zieimm-
e m‘?erbr~ rather intricately interlo‘pkmg mosaic. .relose o
T f(')rmmg 3 nt, and the larger individuals as & rule inc o an
blenifo;z it)l;ulr:as: in’tergrown with augite that ;itﬁ&go%‘f::r; e
oo 1 intergrown
oo poet t}'ltes‘e ;‘;lcrllertﬁi;iz.mA gnoteworthy feature of t’gglel
magnemte,’ch&pg:;:;aﬂy alkalic nature of the feldspars 1n assoctat
e

\ The vein zone is about 100 feet wide and contains a number of

" nearly parallel quartz veins and stringers, separated by silicified
andesite. The strike of the lode is N. 5° W. and it dips, as a whole, "3
65° E. On the hanging-wall side is a regular diabase dike 25 feet
wide. The principal vein stoped is, as shown in figure 7, near the
hanging wall of the zone. This dike, notwithstanding its proximity
to the veins, is not generally altered and contains considerable olivine
that has escaped serpentinization. The principal mineralogical
change in the andesite, as elsewhere in this district, is the develop-
ment of secondary quartz and sericite, the resulting rock outcropping
and weathering much like a hard siliceous.rhyolite. ‘ .
~ The mine being quite deserted, I was able to procure no informa-
tion concerning the character of the Auld Lang Syne ore. Some of
the material last thrown out on the dump shows much arsenopyrite,

with some pyrite arranged
in depositional bands in
quartz.

Some of the veins near
Chafey appear to be un- . 2
usually persistent and reg-

100 FEET : : ular. That they become

L . % diorite is ) atite in a rock free
FIGURE 7.—Sketch section of the Auld Lang Syne vein zone. lean within a moderate dis- 4 le i ) ther qbundant &uglte, hornblende, and &P compositiony and
a, Silicified andesite; b, diabase; ¢, vein, stoped to surface; 4 f the sur : with ra ¢ : bably near monzonite M L
: ‘ : tance of the surface 1s : artz. It is probably . d more alkalies
o velni & slates. suggested by all that can. from quazts: i uld doubtless show less lime and m
be lemed of the history of the district, bt ome looking at the | chemictd 9“113:18'1;1\?: o dited with
o . ’ ) . ; than in typical diorite. Kennedy is the Gold Note, credited Wit
croppings of the Auld Lang Syne vein and at the work accomplished The principal mine near ennedy “dle. like all others in
there finds it difficult to believe that the old mine will not some day dpction of $60,000 to $70,000, but now 908’ was the catching
bo reopened, especially as its nearness to the railroad gives it and :hgr(ci)isltlrict where the only act%e mdustl‘{tllils 1sit,uated on the sout}
. R . " . § ’ ) . re On' :
ohar mine n D len 1 grat dvncugs v many i Momlde | ' s G lipment ¢ 078
] ’ ’ . :

e west of town, and is opened by '['\\"t‘
side o canirson”;}zzulz:rer;uzlmid main ud}t runs S. 33 °6}\°’. ‘\i;n(:;nl(
crosscub tul_mz 1c.>n Tt cuts the vein, which strikes N. m;; cen -
abou 7(0)0 feel )gé about 375 feet from the portal. 1 1e1 genels
i B e s h.’olit'e which is intruded rather 1rre%11 ar )tm
oy 1‘0013_11(5 ro}; ba,s’alt. ‘The rhyolite apparently t)..rlnsstmt
“sheets and 1Le%in and part of the basalt have fqllox:leg 'ﬂ'l .ﬂ‘
i S s Z the (series of rhyolitic lavas. Assomfxt}(la ‘\nv. L
g;apllll}:e%?rslijnle purts of the workings is a dark greemish-gl )
rhyo

a U.S Geol. Ex Y A4 77 : V! itic rot
H the cry stalline gront
a 691) indeed describes -
gue pl- 4nth Par., ol. 2, 1877, p- X .
of Gran! (e(M(‘nll.Ilﬂ n D.S. mmlle up chiefly of quartz and orthoclase, with scarcely any mica of l‘mmb €
‘ ; rr)‘ This suggests gteater variation in the character of the rock than was evident fr
(ulnskite of Spurr).

' my own prief and }imited observations.

KENNEDY.

The almost deserted town of Kennedy lies at the east base of
Granite (or Cinnabar) Mountain, about 30 miles by road southeast of
Unionville and about 45 miles from the railroad at Mill City.

The. distribution of the rocks in this vicinity is rather different
from that represented on the Fortieth Parallel Survey map.- The
““granite”’ of Granite Mountain, supposed by the early geologic
explorers to be Archean, is, at least locally, a diorite and is intrusive
into Triassic rocks. Its outline, therefore, is undoubtedly much more
irregular than they supposed. The bottom of the canyon from the

b L
_"/ >
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%
i
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evidently much altered, which was at first supposed to be meta-
morphosed limestone. The microscope shows, however, that it is

an altered volcanic rock, probably andesite, and is composed chiefly
of chlorite, calcite, and secondary quartz.

The basalt is a partly glassy, ordinary variety, in which some ser-

pentinous material suggests the former presence of .-a small propor-

~ tion of olivine. Its appearance under the microscope is that of an

extrusive rock, whereas its relations underground indicate at least
some intrusion. Clearly it was not intruded at any great depth.

The vein is from 1 to 3 feet wide and is composed generally of
quartz and abundant pyrite. Associated with these minerals in the
parts of the vein stoped are galena, sphalerite, tetrahedrite, and a
little chalcopyrite. Along most of its course the vein is in rhyolite,
but in some places it traverses basalt. :

From the main adit drifts have been run in opposite directions.
The west drift, apparently not very productive, follows the vein for
about 90 feet to a zone of faulting that steps the gently inclined
vein down below the level of the drift. These faults strike N. 20° WV,
dip west, and are normal. The first one drops the vein about 4 feect,
and the second, 6 feet farther along the drift, carries the wesiern
continuation of the vein out of sight. Along the east drift the
vein, at first in rhyolite, passes into basalt, becomes rather irregular,
and at about 120 feet from the tunnel splits into two branches that
diverge at a small angle. The north branch contains only bunches
of ore. The south branch, which passes into rhyolite, has been
stoped at intervals and apparently contained the principal ore
bodies of the mine. At a distance of 500 feet from the adit the two
branches of the vein are about 100 feet. apart. '

There was no one at hand in 1908 to give information about the

mode of occurrence of the ore in the abandoned stopes, but it may be
surmised that the pyritic parts of the vein are of low grade and that
the richer ore is bunchy, difficult to mine on account of the low: dip
of the vein, and not amenable to treatment in ordinary mills.

The Borlasca mine lies southeast of the Gold Note and is apparently
on the same vein or vein zone. The workings, which have not been
productive, are all in the oxidized part of the vein and are shallow:
The vein material is chiefly quartz and specular hematite, and as the
unoxidized vein in the Gold Note mine is chiefly quartz and pyrite
it is probable that the specularite was derived from the pyrite by
weathering, although unfortunately the present workings afford no

opportunity for observing the actual passage from pyrite to specu- - 3

larite:

» In the bottom of the canyon, about half a mile above Kennedy, is
the abandoned Hidden Treasure or X. and B. mine, in a rather basic

facies of the diorite. An open cut exposes two veins about 18 inches
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f
b 3} lal, as 1N ll
T

d by the dump of the closed main tunnel, contains very abundant
cated by .

p Tite 8 Y

&n%cffldte:le north of Kennedy is the Imperial mine, which is credited
Talf a mile.

isi is said
ith a product,ion of about $10,000. Tt was not visited, but issa
wi

tO el s i i ining Qme
' .

' i were stated to have
o Somo speimens o gl oo 3 FE 0 i on in
come Lo Jete mlnlec;simation mill with cyanide tanks, now 0'““?1
e plate-%mzlbany. This and the various smaller mills 1n t.vm
o 'ﬂ}etBOﬂzsa?toohaI\)re been designed without any regard whatever
%;Sgig cﬁgfacter of the_ ores to be treated.

) CANYON.
NICKEL AND COBALT pEPOSITS OF COTTONWOOD b

) ! nch at the mouth of Cottomvoo_d
o Ilcelzl?zga?;ciob};(;'}cr)zl;isisrzbout 30 miles.“ ) The usual é'ouit;a gl:
?}?E)};Ogrlll ti:lzasant Valley past the volk(ian‘ic Sou Hﬂl'; 1:15(:, ig\r;in fsr ani
i i ourney. g
ﬂ'le prijes s e?lb:;;t;u}ll:if ;Jv:glsl,nllg t(:) ]50 feet? in diameter, with fturf:-1
a1 Siz ms, distributed along the crest of a calcareous l.lu '
el s frc’)m 50 to 60 feet above the alluvium of the valley.
o t{mfligz(fm temperature, sOme being cold ar.ld_some. ab t(mll;(())\]l\t-
Th‘? gooz description of these springs with & good 1}lq?trat1<l)gses ok
5'55 ¢ h toward Boyer’s ranch) and some chemical analy 1, e
s SOE; T{acue.? From Sou Springs south the road s‘luix;)su; 1§nd o
e Still ich 1 re ve Tecip
%ace by Smng\?rt:;vilaelslg;;;l;i]% \lvshiﬁx ha.vels‘y n(}).)t cut down tolthie
note hed by n&\? t have bu,ilt up’ high-angle alluvial cones at _t'lell; |
ot valle%fl uocks in this part of the range appear to be m?meil
I';‘m‘;z}slli (Stm"3 Ir’eak) limestones cut by masses of some light-colorec
ri »
e i icinity of Cottonwood Canyon
o tOPPgYEPhY’a::lg %‘Z(;}:egszg:;ghzr? the B}:ortieth Parallel Sur\'r.?;
. ot 'H;:.L (;I)(}):vs the Triassic rocks ending at the canyozll,) W 1lt
Tort Whl; Slit south of them, all being capped to the \‘vest by asaol.1
T e Tanyo fe about half a mile from its ‘moutl‘l is cub th'r?uo :
o canyoxcll Zl;ldish indurated clay shales, overlain by gm_\;l tl}n;fl:
dark-gray atrll r-n turn by several hundred feet of l_lgllt-colore ' ’Ion-
itoélg ’; Iclf\lmrllsitl,e All three rocks are intricateiy d;nt.rtg;ler%c:;{mwi o
. toc s, di i of diorta ,
torted by tongues, dikes, and irregular masses e

|
B yer P e ison most maps of Nevada er(oneously p]nced at the south en
a DBoyer ost-ofli¢ P

1s renlly north of it. -
Dixle) Valley, whereas it -
0[:) :;‘bsb (Geol. Izlxpl. 40£h Par., vol. 2, 1?5’!7, Pp. 704-705, Pl
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sulpharsenides of nickel. The residual kernels of sulpharsenide are’§
veined and coated with a bright green hydrous nickel arsenate, proba- ]
bly annabergite, as determined by Mr. Schaller. This constitutes”
most of the ore. No quartz or other distinctive gangue mineral was’;
noted in the veinlets. The nickel minerals are not confined to the
major fissures, but have penetrated the rock in their vicinity fo
- several inches along joints and microscopic cracks, forming a low

grade ore which the company has attempted to treat by leaching with 3
sulphuric acid. 4 :

COPPEREID. _
' | ' « £ the
: :strict, on the west slope ©

4 id, i White Cloud district, on Jwest o
%OPP:relIi ; ;Igleﬂ::ﬂ.s the most southern locality v1.51t;a§)101§1:'\;: E;“;S\e
tulwater g We ki rogress in ¢

i .. The only work in progre: o4 the
f the ?econyaﬁsﬁﬁn Company, which is drving & tu‘nntel1 18158 fe:tl,
\ev?dﬂde I:ft%thte Cl%ud Canyon at an elevation of about 1,
outh side

arson Sink. o
ab’(i‘\{me tl‘hstraggtooff(t)ﬁe canyon is & nNarrow, steep gorge cut through
e lo g ‘

m Y > i i by mﬂn\? dikes
Oderﬂrtel Coal‘se, Sllghtl ', micﬂ.ceous gl‘a.nlte, 1nt1’uded
0

5

g yI , klo (’1 thlS was
* '(/he g (LY 4 0 ] (o] {39

i eded to the
A 1ot established with certainty) and the porphyry 1s succe .

G&Sb b ! serie ()E t;() e n Ou W lt; W ()i

. hich it is pminly intrusive, i and tuffs
O hese mciion:;,r:tsare overlain to the east by volc_an;f ﬁs;:t?hal)amuel
tthl ‘;(S)i:: the crest of the range, although on the 2 OF

a

i Star Peak
Survey map this is represented as being made up of the
Triassic.

. . o
No fossils are known {rom the sedimentary rocks in Whi
1 (loud Canyon, but they are presum

The Lovelock mine, about half a mile west of the Nickel mine, is 3
reported t6 have shipped a total of about 500 tons of high-grade nickel
cobalt ore, but has long been idle. The workings comprise a labyrinth
of superficial burrowings, by which the miners have followed or
sought for the small erratic veinlets of ore, and a precarious shaft that
no attempt was made to explore. This shaft is said to have been
sunk to water and to be connected with exploratory drifts just above
the water level. It apparently is not much more than 100 feet decp.
The country rock’is altered andesite like ‘that at the Nickel mine.
No diorite was seen, but it would probably be cut in deep workings.

The seams or veinlets of ore run-in practically all directions and

have no definite walls. The ore, all of which is partly or wholly : d others being al ;
.o ; , . ; L : ; rized and 0 )¢ s larite,

oxidized, is more complex than that of the Nickel miné and contains 5 stones being mfu‘mo ot, epidote, fluorite, quartz, axinite, spect "

copper and cobalt as well as nickel. The minerals recognized are 43 development of garnes,

| ) i F i hides.
tetrahedrite, erythrite (cobalt bloom), azurite, and green crusts that i%g and metallic sulphide
]
£7

ably Middle Triassic. They are

5 mehaIﬂOX pl QS by l/ 1€ I L[llbe p()I pllyly lllbl us10n bhe pll(el ]lllle“
: 1t ed. 1 g d y b

: . ise &
United Mining Company compri
: - - i f the Nevada United e of
according to Mr. Schaller contain copper and nickel arsenates and '1?he Workn{]-,gtsugnel near the bottom of the canyon. Th; ((;(())\(;rsfeet.
sulphates and consequently may be a mixture of annabergite and 11112}111' cg)szc;i E. and its length at the time (;)f g’l;lt W&vsoyléings that
brochantite. ' "4 this s S b tunnel are old shallow W b
23 On the steep hillside ;?E;Z ?:Ms dgo for oxidized copper ore, ¥ hich

T 16(1 n mal ot

higher, about 850 feet verticaﬂylabo\éeotﬁe&iaﬁ the same elevation,
g in tunnels. . oeneral
nels known as the Twin d nearly in the same &
. together, and Tun cplore the
have their portals near tog ent an effort to explo
nave o w apparently repres .netrates
: dxrectl(;)ll‘; is'o({l t}:s tntzzﬁ 1515)01' as possible. One of these penetra
¢ groun v . . -
i 700 feet. . < of the ridge
thzlglolfnf();sl() feet above these tunnels is the summit 0 &

p g y tl\.

00,000
idi ere is probably from 100,000 to 200, o
by hcioplzzzex?irz& ac'tlglaﬂy explz)sed-;on the h}lltop and 1&11S Sthe )s[}\l;lh
o] Stn workings that have been run 1pto the m fr;,m ey
low e)splol‘& ?Zan pur: specularite, ranging 1D texturrreil o s
ey, Pmc1l'ke zarieties to coarsely foliated kinds. N ﬁ-on por =
| %riﬁsei,sg);%zglly distributed through some parts of the
2 pme |

A few miles south of Cottonwood Canyon, high on the east slope -
of the range, is a copper prospect which is now known as the Treas-
ure Box, but which appears to have formerly been called the Bell
Mare or Cornish mine. The ore, in the form of pyrite and chalcopy- .
rite, is disseminated through andesitie tuff in the lower part of the
Tertiary volcanic series. This impregnation extends through a belt
at least a mile long and several hundred wards wide, which trends
about N.70°E. The most abundant sulphide is pyrite, the chalcopy--
rite occurring only here and there in bunches. The pyritization is by
no means uniform and fades out indefinitely into the surrounding
rock. Apparently there is no vein and no master fissure whence th
mineralization has emanated.

‘At the east end of the deposit some oxidized copper ore has been:
taken from open cuts and a shaft has been sunk, apparently without
the discovery of workable ore. A water-jacket furnace was erected’
at this place, the highest point at which the deposit outcrops, but -

was never used. Two tunnels, one of them about 400 feet long, have :
been run near the west end of the pyritic zone.-
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~ driven ‘
. east for 600 feet, and from this, about 200 feet in, a branch
2
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malachite. T re s ' ' . . : i
ridee.  The here are several of these Fmaking so much water from the face (1,250,000 gallons in twenty-

ge. Y appear to occur as pods, lenses, an( irregular bodi “iour hours) that work had been temporarily suspended. Prior to
1 0% Zapping this water the tunnel passed through a number of small fis-

ures carrying some chalcopyrite, and about 100 feet from the face,
according to Mr. Reid, went through 3 feet of vein material containing

west the z .o ) 1
one, which is in limestone, ends at the intrusive contact of chalcopyrite and pyrrhotite. | _
' %] The conclusion reached from the short examination made of the

this rock with the i
granite porph f ;
o o ‘ Yry a few hundred ’
: cmatite ougeman e LRI o tha i yards from the #/main tunnel and the old workings, supplemented by a general survey
- #0f the surface, is that all the workings are in a zone of pronounced
They penetrated #jcontact: metamorphism, within which bunches of lean sulphides and
) SPeculariItje h'rr:o)cf[ 8‘5 of specular iron of irregular shape are rather erratically distributed.
ot i RS nOtth;g - v?l!h:‘:s, These show a decided tendency to form thick pods or lenses of

“1indefinite outline, rather than distinct and persistent veins-of which

and did not cut an -
: o Y mass of specularit .
A s e Tite comparable wit} 0. , .
milar expectation led to the driving 6L that above. the positions could be calculated for depths far below their outcrops.

‘ f e . of th i b
gg;ﬁ:ﬁe‘;fotfh]s; ;?c lﬁ; “'/thlte to .buff crystalline limgztiaézatir;?s i’ Srﬂlﬁ @ Thus deep crosscutt.ing invol'yes more than the usual hazard of such
The beds appens tont,e' limd n places muc ““vida mode of e?cplo.rhtlon. Whﬂe one would bq rash to assert that no
ture s yor Lk " ) Strike southeast and dip northeast, but the truc- profitable vein will be cut in the tunnel, there is nothing on the surface
L Y Indistinet. At 400 feet from t ; ’ Strue 2 or in the old workings that demonstrates the existence of any but
4 isolated masses of ore throughout a contact zome.
morized limestone hegvily & T‘he‘ small qQantity of primary ore _thus far found, consi'sting of
Tn places this is < il byrite, p_)frrhotlte,_ and chalcopyrite, is of.‘lo‘w grade, as is to"be
This is probably the san;c . expected in deposits of contact-metamorphic type. The old stopes
. th o ; i
00pp£rt1;fenvlva;:$?ﬁgslna;£% smelter at the_mouth ‘of. the canyon, show. considerable migration
no re éOgnizable vein: - the :'Ed' concentra;ftlon olf 0x1d1zle(}1 'c(;)pp(er‘ore, aplﬁ so;utlons tlhs;lt_ ?xtractefl
s Wi . tasomat; > % % their copper from lean sulphides (or possibly from sulphides previ-
::Sugvéz}:l‘z;‘rfugsf;g:‘tzogo;xndaries. - Beyond the Ili‘iiilfef}fzczgznjrggd “ ously er‘xrich‘ed) have deposited chrysocolla by direct replacement of
Stone, With mamy o eet t.hrough much broken and disturbed Iin;: -crystalline limestone.
The materia] suz P:n crevices pal‘”tly filled with soft, earthy limonit e 4 lets 'of chrysoqolla wxdgned by replacerpgnt, through' rounded kernels
tion of oerit: 188ests active solution by oxidizing waters - the forma. of limestone inclosed in’the copper silicate, to solid masses of the
1ties, and the subsequent, collapse of the . OTMi- - 4:atter, are beautifully shown in the old stopes.
, cavernous rock © The occurrence of great masses of specularite on the top of the
" ridge and of large bodies of pyrite far below in the main tunnel sug-

mtq(‘)l & mass of coarse, angular rubble.
o ;eaitleatgr'part of the main tunne] is in fine ‘
originally eat® shalos theg oot  Sraine my - gested at first that the specularite was derived from pyrite by oxida-
| nverted inio -3 tion. Specularite is present, however, although not so far as known
- in large masses, in the lower tunnel, where it has crystallized with

‘dense sili
siliceous hornstones, These ‘are cut’ by many small veinlet
- ‘enlets
sulphides and garnet as a primary contact mineral. No material

carrying caleite, axinite sphalerit, .
some plapes they contain ;ound or ell?’ Sglyrlte, and chalcopyrite. In
in di . , dal concreti -
'; nlilrznelftifr’s izg;(;zswhen broken 9pe£ show g SI; ; could be found that showed the passage of sulphides into specularite,
and sphalerite, Ar’n :)ltlllar:lz, C&.I(",lte, pyrit.e, pytrhotite, chalcopyrite, 5. and_tpe.ewdence at this locahty{ w}‘ule, not conclusive, rather favors
grains thickly embedd g the s1l{cate:s epidote, in short prisms and o thg view that all of the spe(_:ularlte is of direct contact-metamorphic
edded in calcite, is most abundant,. Tt is ascoci- .9 W8 , '

: a Since this was written considerable masses of sb&u]arlté intimately sssociated with pyrite have

been cut in the tunnel 2,800 feet from the portal and about 1,000 feet below the surface. This places

. the contact-metamorphic origin of the specularite beyond reasonable doubt.
. .

' thq'surfa'cg fifteen years ago. There is
byrite has formed in the limestone by me

-grained dark lime-

» Manager of the mine, -
» Was 2,750 feet in length and was

The steps of this process, from narrow vein-

fan
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SONOMA RANGE.
~ The Gold Run district, in which the most: important property L;
the Adelaide mine, 11 rmles nearly due south-of Golconda, is on the
east slope of the northern part of the Sonoma Range.s The rockg
of this part of the range are generally similar to those of the Pahute
and Humboldt ranges. . No attempt was made in this reconnaissance
to study their lithology or structure, except at the Adelaide mine}
where they have been mapped as Star Peak Triassic by the geolo-f
gists of the Fortieth Parallel Survey
The district was organized in 1866. Development apparently wag*
. slow, for in 1870 the principal shaft, the Golconda, was only 80 feet
deep. South of this were the Cumberland, 50 feet deep, and the
Jefferson, with still shallower workings. There were some small
mills in the district, and desultory attempts were made to-work the
partly oxidized ores up to about 1897, when the Glasgow and Western
Exploration Company acquired the mines and 15 claims along the
ore-bearing zone. This company built 12 miles of narrow-gage rail-
way from Golconda to the mine and erected a smelter and concentrat-
ing mill at the junction of its road with the Southern Pacific Rail-
road. This plant, consisting of two roasting furnaces and three rever-
beratory smelting furnaces, with the ordinary arrangement of crushing
and concentrating machinery, was operated for a time on ores from
Battle Mountain and from Adelaide, and some matte was shipped.
The process, however, proved unsuited to the Adelaide ore and was
abandoned. A few years ago the mill was remodeled and 120 con-
centrating tubes of the Macquisten type were installed. An inter-
esting -description of this remarkable plant has been given by W. R.
Ingalls,® and from this the reader may obtain some idea of the
ingenuity, simplicity, and effectiveness of this novel process, in which
the heavy sulphides are floated off while the gangue minerals sink.
Some improvements in the first installation were in contemplatmn
in 1908, and the mill was in use by Mr. Macqmsten solely for experi-
mental purpose. Its total capacity was given as 120 tons in twenty-
four hours. It produced when in full operation a 20 per cent con-
centrate from 2.7 per cent copper ore, leaving about 0.2 per cent in
the tailings. The weakest point in the process appears to be in the
relatwely low recovery from the slimes.

The main shaft of the Adelaide mine, 300 feet deep, is situated on
the south side of Gold Run Creek, close to the site of the old settle-
ment of Cumberland. The general country rock is dark calcareous
slate, within which is a layer or series of beds of limestone from 50
. to 75 feet in total thickness. This bed strlkes north and dlps 65° E.

%

o The Havailah Range of the Fortieth Parallel Survey reports.
b Concentratfon upside down: Eng and Min. Jour., vol. 84, 1907, pp. 765-770
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This limestone layer carries the ore, which in some places occupies

“the full width from one slate wall to the other, although as a rule the
zone contains horses of altered limestone that is nearly free from sul-
phides. The ore body is undoubtedly large and has been extensively
stoped above the 100-foot level for 400 feet without any indication
of & diminution in size. Below this level, which is approximately at
the bottom of the zone of partial oxidation, exploratory drifts have
been run at vertical intervals of about 50 feet, revealing abundant
ore. The bottom level was under water at the time of visit.

The ore is a metasomatic replacement of the limestone and consists
of pyrrhotite, chalcopyrite, sphalerite, and a little galena, in a gangue
.of garnet, vesuvianite, diopside calcite, orthoclase, and a very little
quartz. Common pyrlte is probably not altogether absent, although
it does not appear in the specnnens of ore collected. The presence of
‘orthoclase is uncommon in this mineralogic association, but adularia

 has been noted by Spurr and Garrey ¢ in the altered limestones of the

Velardeiia contact zone. At Adelaide the orthoclase is poikilitic and

“ contains . inclusions ‘of vesuvianite, garnet, diopside, and quartz.

The ore is definitely bounded only where it is in contact with the

slates. Elsewhere it merges gradually and irregularly into lime-

stone containing silicates but very little of the sulphide constituents.

A banding of the limestone, due to alternations of silicate and calcite

layers, is common, par‘mcularly near the ore, and the bands in “places
- are contorted and crumpled. As a whole the ore is of low grade,

averaging about 3 per cent of copper; but the quantity available
appears to be large, and the difficulties in the way of its successful
i -concentration and treatment will probably soon be overcome.
i * The present workings do not afford much evidence of secondary
, - enrichment. The old stopés between the 100-foot level and the sur-
-face were in mixed sulphlde and oxidized ore, but whether chalcocite '
- was present in quantity is not known. :
About 600 feet north of the main shaft, on the opposite side of tne
little creek, is a tunnel that runs north in the ore zone for 2,000 feet.

Tor a distance of 500 to 600 feet from the portal the tunnel is in ore.

. Beyond this the limestone zone is generally lean or barren, although
+/ there are a few bunches of ore near the face and some stopes above
~ . the tunnel were formerly worked from a now abandoned shaft on the
hilltop. :

A notable feature of the Adelatde ore bodies, in view of the fact that

. the nearest area of eruptive rock (mapped as granite on the Fortieth
Parallel Survey map) is fully a mile east of the mine, is their close
correspondence to ores of typical contact-metamorphic deposits.
The granitic rock was not examined in 1908. For at least a quarter

.of a mile east of the mine the rocks are dark clay slates alternating

}~‘f .

¢ Qre deposits of the Velardeiia district, Mexico: Econ. Geology, vol. 3, 1808, p. 708,
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with thin-bedded limestones. All are much crumpled but main-
tain a generally east dip and are on the whole much less metamor-
phosed than the limestone beds ‘in which the ore occurs. It is prob-
: able that an intrusive mass underlies the sedimentary rocks at the
Adelaide mine, and that the hot mineralizing solutions rose along
what is now the ore zone, in consequence of favorable fissuring in
this particular belt of hmestone

West of the mine the slopes, seen {from a dlstance, show many out-
.. crops su(rgesmve of rhyolitic porphyries, which accord in general with
~ the mapping of the higher part of the range by the geologists. of the
- Fortieth Parallel Survey as Koipato Triassic. Within these a num-
ber of prospectors are developing veins that carry some gold and
silver. None of these prospects was v1s1ted

.«

MINERALOGY OF THE ORE DEPOSITS.

Introductory statement.—For convenience of reference the minerals
noted in the ores or closely associated with them are here given in
alphabetic order, with brief notes on their occurrence. The list is
obviously not an exhaustive one for the region, which contains many
deposits not visited.

Amgphibole.—A fibrous mineral, not certmnly identified, but cloself

resembling tremolite, occurs w1th epidote, vesuvianite, garnet, and
sulphides in the metamorphosed calcareous rocks at Coppereid. A
similar fibrous mineral was noted in'some of the altered limestone at
the Ryepatch mine. :

Annabergzte —A buofht-green hydrous nickel arsenate, probnbly
annabergite, is an important constituent of the ore of the Nickel
mine in Cottonwood. Canyon, west of Boyer post-office.

Argentite.—Sulphide of silver has been found in shallow workings
in rhyolite at Rosebud, - associated with kaolinite, limonite, and:
Presumably it was present also in some of the rich silver.

jarosite.
ores mined in former duys near the surface in the Humboldt Range.

A specimen of ore seen in Unionville and said to have come from the i

.Arizona mine apparently contains argentite.
Arsenopyrite.——The sulpharsenide of iron was noted only in material

on the dump of the Auld Lang Syne mine, near Chafey, associated

with pyrite and quartz.
Arinite—Axinite, a complex borosilicateé of calcium, aluminum,

" and other bases, occurs in the altered calcareous shales of the Cop- :

pereid contact zone.

. Azurite.—The blue hydrous copper carbonate is nowhere abundant

in the region examined, but is present in small quantity in the Red
Butte copper . district and at the Lovelock cobalt-nickel mine, in Cot-
tonwood Canyon
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Barite.—Sulphate of barium was noted as a gangue mineral in ore
a prospect near Fitting; with galena, sphalerite, tetrahedrite,
dand quartz in the Manoa or Pfluger mine, near Unionville; and in
some of the copper prospects at Red Butte. '

Bornite—Minute specks of a mineral resembling bornite were
fnoted with chalcopyrite in quartz at the Mazuma Hills mine, in the
Seven Troughs district. Not enough of the mnterml was obtamed
however, for a satisfactory determlnatlon ‘

Brochantite—Brochantite, a green basic sulplmte of copper resem-
bling malachlte, probably occurs in the cobalt-nickel ore of the Love-
lock mine. ,

Calcite.—Calcite is sparmcrly present with quartz in the ores of the
Humboldt Queen and Arizona mines, in the Humboldt Range, in
Ysome of the veins near Kennedy, and in the deposits of contact-
“;imetamorphic type at Coppereid and Adelaide.

4 Cerargyrite.—Cerargyrite, or horn silver, is generally an inconspicu-
ous mineral and probably occurred in many of the rich silver deposits
7 formerly worked in the Humboldt Range. =

Chalcocite. —Copper glance cuprous sulphide, was noted only at
-4 Red Butte, in a vein in gabbro. It is probably present also in the
j upper parts of the ore bodies at Adelaide.

Chalcopyrite—Copper pyrite is an important constituent of the
12t Adelaide ore, associated with garnet, vesuvianite, epidote, diopside,
j' calcite, quartz, orthoclase, pyrrhotite, sphalerite, galena, and pyrite.
#41t is present also in the cobalt-nickel ore of the Lovelock mine; in
¢4 the disseminated pyritic deposits of the Treasure Box mine, southwest
.fiof Boyer’s ranch; in some of the veins near Kennedy; and sparingly
“4in the Mazuma Hills mine, at Seven Troughs. Close search would
probably show it to be present in small qusmtities also in most of the
mines of the Humboldt Range.

Chloanthite—A mineral of the smaltite-chloanthite group is perhaps
present with gersdorffite at .the Nickel mine, in Cottonwood Canyon,
but it has not been definitely identified.

"4 Chrysocolla.—The hydrous silicate of copper occurs in the oxidized
"4 zone of the Copperoid contact deposits, where to some extent it has
8 metasomatically replaoed limestone. It is sparingly present at Red

f’ from

AR
Sty

4 Munroe Hill in the Chafey district.

- Cinnabar.—The red sulphlde of mercury occurs in fractured lime-
istone in Eldorado Canyon, in the Humboldt Range; in a vein in
{limestone and in kaolinized rhyolite in American Canyon, in the
s Pahute Range; and at an unvisited prospect on the edge of the
" Black Rock Desert, a few miles south of Red Butte. It has also
4 been found in the gold-beanng gravels of American Canyon.

11448—DBull. 414—09—5

—

Butte and is found in minute specks in some of the oxidized ore of
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product of weathering i in the superficially opened copper prospccta
of Red Butte, :

iron ox1des at Red Butte.

‘Diopside.—Monoclinic calcium-magnesium pyroxene occurs withs ]
garnet, vesuvianite, orthoclase, and sulphides in the ore of the:
Adelaide mine.

Epidote. —Epldote, a basic orthosilicate of calcium, iron, and j
aluminum, is fairly abundant in the contact zone at Coppereid, 4
associated with garnet, specularite, axinite, and sulphldes 4

Erythrite—Cobalt bloom, a hydrous cobalt arsenate, is an impor- f
tant constituent of the ore of the Lovelock mine. in Cottom\ood
Canyon. It is associated ‘with tetrahedrite, azurite, and arsenates
and sulphates of .nickel and copper (probably annabermte and‘
brochantlte) 4

Coppereld and is especm]ly associated with speculante

GGalena.—Galena is-'widely distributed in the Humboldt region,: "'

and is found in the ores of nearly all of the districts visited. None
was seen, however, in the Seven Troughs district. Specimens from:
the Imperial mine near Kennedy showed enough galena to constitute;
a lead ore, but as a rule the mineral is disseminated rather sparingly
through quartz with sphalerite, pyrite, and tetrahedrite. At Chafey®
free gold and galena are directly associated. In Star Canyon galena
and jamesonite occur together

Garnet.—Brown garnet is abundant at both Coppereid and Adelalde
where it occurs with other silicates and with sulphides in altered
limestone. -

‘Gersdorflite. —~The prmmpal unoxidized constituent -of the ore of

_the Nickel mine, in Cottonwood Canyon, is, according to Mr. W. T.

Schaller, probably gersdorflite, a sulph&rsemde of nickel. It is as-

sociated with a green alteration product, which he has determined'f’ :

as annabergite:

 Gold.—Native gold occurs in visible masses, some of them of unusual J

size, in the quartz veins of the Seven Troughs district. It is also;
found associated with quartz and galena in the Chafey district and
in various  prospeets in the Humboldt Range near Star Peak.
Specimens of freo gold have been found also in rhyolite just south
of Golconda, but not in such form or quantity as to induce deep’,
mining. ;

The principal placer localities of the region are American Canyonj
and Spring Valley (Flttmv) on the east side of the Star Peak Range, o

“ore of the Sheba and De Soto mines, in Star Canyon.
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and Rock Hill Canyon, in the East Range. Several other canyons,
especially in the northern part of the Star Peak division of the Hum-
boldt Range, also yielded some placer gold.

Hematite.—Large masses of specularite occur in the contact-meta-
morphic zone at Coppereid, and the same mineral is abundant in
the superficial workings of the Borlasca mine, near Kennedy. In the
latter place the specularite is possibly gossan material derived from
the oxidation of pyrite. Some cryptocrystalline siliceous hematite
occurs in the Red Butte district, associated with the copper ores.
The material, which is in part jasperoid, appears to have been formed
by alteration of parts of the aplitic dikes.

Jamesonite.—Jamesonite, a sulphantimonite of lead with con-
siderable resemblance to stibnite, is an abundant constituent of the
It is associated
with galena, sphalerite, tetrahedrite, and pyrite in quartz. Both
the jamesonite and the tetrahedrite, as shown by Burton,® are silver
bearing.

Jarosite.—Jarosite, & hydrous sulphate of alkalies and iron analo-
gous in its formula with alunite, was identified microscopically as

4 minute yellow cxystals associated with kaolinite and limonite at the

Brown Palace mine, near Rosebud.

Magnetite. ———Masses of iron ore, chiefly magnetlte occur about 20
miles southeast of Lovelock, at the northwest base of the Pahute
Range. The deposits, said to be in ‘“ greenstone,” were not visited.

Malachite—The green hydrous carbonate of copper. is present
in small quantities at Red Butte, Coppereid, Adelaide, Cottonwood
Canyon (Stillwater Range), and probably at other localities where
ores containing copper minerals have undergone oxidation.

Orthoclase.—The potassium feldspar orthoclase occurs with garnet,
vesuvianite, (hopsule, calcite, and sulphides in the ore of the Adelaide
mine. © The mineral is xenomorphic and poikilitic, containing inclu-
sions of the minerals associated with it. _

Proustite—Ruby silyer has been reported from the Seven Troughs
district. None was seen in 1908.

Pyrrhotite. —Magnetio pyrite is an abundant constituent of the

ore of the Adelaide mme and occurs also in the contact zone at
Coppereid.

Stlver—Native silver is said to have been found in Wildhorse
Canyon, in the Seven Troughs district.

Sphalerite.—Zinc blende is a very. w1def37 dlstmbuted mineral in the

Humboldt region and occurs in nearly all of the districts visited. It
was not observed, however, at Seven Troughs It is not as a rule

-abundant at any one place, but, like galena, is disseminated rather

sparingly through the various ores.

a Cont}ibutions to mineralogy: Am. Jour. 8ci., 2d ser., vol. 45, 1868, pp. 36-38.
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Stibnite.—The widespread distribution of stibnite, or antimony
glance, is characteristic of the region covered by this reconnaissance.
Deposits of stibnite have been worked in the Trinity or Antelope
Range, southeast of Red Butte; in the Humboldt Range, southeast
of Lovelock; in Star Canyon; in Bloody Canyon, 2 miles south of

. Star Canyon; in Jackson Canyon, about a mile south of Unionville;
~and in the Bernice district, about 16 miles south of Boyer’s ranch,

where there was at one time considerable activity. The Bernice

- district- is south .of the area studied in 1008. Stibmite occurs also
. associated with some of the gold ores at Seven Troughs, and is

undoubtedly present at many localities not examined in the course
of this preliminary investigation. The mineral occurs generally
in fissure veins with quartz, although at Seven Troughs it forms
bunches in soft, crushed rock or gouge.

Sulphur —Native sulphur is extensively mined at the Rabbit Hole
sulphur mine, about 5 miles northwest of Rosebud.

Tetrahedrite—Gray copper, or tetrahedrite, like sphalerite and
galena, occurs in most of the silver-gold deposits of the Humboldt
and Pahute ranges. It is nowhere very abundant nor in large
masses, but is disseminated in specks or small bunches through the
predominant quartz gangue. As a rule it is argentiferous (freiber-
The tetrahe-
drite of the De Soto mine, accordmg to Burton,® contains 14.5 per
cent of silver.

The mineral was noted in the ores of the Humboldt Queen mine;
of the Arizona, Wheeler, and Manoa mines, near Unionville; of the
Sheba and De Soto mines, in Star Canyon; of the Ryepatch mine;
and of the Gold Note mine, near Kennedy. It also occurs with cobalt
minerals at the Lovelock mine.

Tourmaline—~Tourmaline was not observed in close associationt
with ores, but occurs as an abundant microscopic constituent of
altered hmestone or calcareous shale near the Humboldt Queen
mine. :

Vesuvianite—The characteristic contact-metamorphic mineral
vesuvianite, a basic calcium-aluminum silicate -of uncertain formula,
occurs abundantly with garnet, diopside, calcite, quartz,.orthoclase,
and sulphides at the Adelaide mine. It was 1dent1ﬁed by its optlcalv
propertles as seen under the microscope.

TYPES OF DEPOSITS REPRESENTED IN THE REGIOR.

Basis of classification.—The ore deposits of a given .retrion may be
classified in many different ways, as, for example, (1) by geologic age,

(2) by form, (3) by supposed origin, (4) by mineralogic character, or
-In the present paper an attempt -

(5) by essentlal metallic contents.

a Loc. cit.

: ~ are rather finely disseminated through it.
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will be made to group the deposits primarily with reference to the
closely related fourth and fifth bases of comparison. The grouping
thus effected will to some extent coincide with classifications depend-
ent upon genetic or morphologic features.

Antimonial silver deposits.—A large proportion of the dep031ts of.
southern Humboldt County consist essentially of silver ores carrying
varying minor quantities of gold. These ores are prevailingly anti-
monial, the silver being combined chiefly in tetrahedrite or jamesonite.
They generally contain in addition a little galena (probably argentifer-
ous) and sphalerite, with of course- some pyrite. The gangue is
quartz, and as a rule the sulphides are subordinate to the gangue and
Argentite and other rich
silver-bearing minerals may occur ln the upper parts of some of these

deposits.

" To this class belong the deposits of the Sheba and De Soto mines, in
Star Canyon; of the Arizona, Wheeler, and other mines near Union-
ville; of the Humboldt Queen and Ryepatch mines; of the principal

" mines at Kennedy and Fitting; and of a number of unvisited mines

and prospects in the Humboldt Range. Possibly the deposits of the
Rosebud district belong in this group, but too little ore has yet been
found there to furnish a safe basis for comparison.

- With the exceptlon of the doubtful ores at Rosebud, all of these
deposits are in Triassic rocks and most of them are in the Star Peak
formation. Beyond the fact that the ores are post-Triassic their age
is unknown, but it is thought probable that they are pre-Tertiary and
were deposited during or after the post-Jurassic intrusions and fold-
ing that affected the whole Great Basin region and the Sierra Nevada.

The antimonial silver ores generally fill fissures, but they show.
much variety in form. Some deposits, as that of the Bonanza King
mine at Fitting, are comparatively simple, nearly vertical veins.
Some, while generally of simple tabular form, have a low angle of,dip,
as in the Gold Note mine, at Kennedy, or are nearly horizontal, as at
the Arizona mine, near Unionville. Others are of irregular shape and
are related in special ways to fissuring and bedding, as in Star Canyon
and at the Ryepatch mine. Still others, such as the IIumboldt Queen
deposits, are sharply folded bed veins.

None of these deposits has been worked to great depth, and the
rich ores appear to form bonanzas within short distances from the sur-
face. As a rule, the deeper workings show a decrease both in the size
and tenor of the deposits. At present there is no production from
any mine in ore of this type, although many of them were extensively
and profitably worked in the sixties. K

Gold-silver deposits.—The deposits that owe their value chiefly to
gold are those at Seven Troughs and at Chafey. There are marked
differences, however, between the ores of the two districts. Those at
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“as of Tertiary age.’
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Seven Troughs are in Tertiary volcanic rocks; those at Chafey are in
Mesozoic volcanic and sedimentary rocks, probably Triassic. At
Seven Troughs the gold is coarse, occurs in lodes made up of many
small irregular quartz veinlets, and is accompanied by comparatively
little pyrite, with as a rule no other sulphides. Stibnite, it is true,
occurs in some of the mines, but not, according to my observation, as
a constituent of actual ore. At Chafey the native gold is in smaller
particles and occursin well-defined solid veins in which the quartzcarries
considerable galena, less sphalerite, and comparatively little pyrite,
Whether the veins of the Auld Lang Syne and other abandoned mines
exhibit the same character is not known, although arsenopyrite
appears to have been the principal sulphide in the lower levels of the
Neither at Seven Troughs nor at Chafey were the
accessible worklngs deep enough in 1908 for a thoroughly satisfactory
comparison of the two kinds of deposits. _

Gold prospects, of which the ores resemble the Chafey ore, in that
the gold is associated with galena and sphalerite in quartz veins
traversing Triassic rocks, have been opencd at various places in the
region, particularly in the vicinity of Star Peak.

Copper deposits.—Like the gold deposits, the copper deposits of
the region fall into two classes. One of these is exemplified by the
depomts southwest of Boyer’s ranch, in Tertiary andesite, and by
those at Red Butte, which are in igneous rocks doubtfully regarded
The deposms near Boyer’s ranch are diffuse
pyritic disseminations:
beyond what may be seen from very shallow workings in oxidized

material; the greater part of the copper appears to be disseminated
through nltered aplitic dikes in gabbro, and the native metal may be

expected to give place in depth to some sulphide, perhaps to chal-
copyrite.

The depos1ts at Coppereld and Adelaide, on the other hand, are in
calcareous sedimentary rocks, probably belongmg to the Tnassxc
They have the mineralogical characteristics of contact-metamorphic
deposits, although at Coppereid only is there visible relation between
the metamorphism and a mass of intrusive rock that effected the
alteration. Garnet, chalcopyrite, pyrrhotite, sphalerite, and pyrlte
are common to- both localities, although no sulphide ore bodies have
yet been opened at Coppereid.. Axinite, fluorite, epidote, and specu-

larite occur in"the contact zone at Coppereid, but were not noted at
composmon comparable with that which mvaded the rocks of the

Adelaide.
stone contains vesuvianite, diopside,. and orthoclase

"At the latter place, on the other hand, the altered lime-
Doubtless a

more thorough study would increase the lists of silicate minerals pres- :‘5"

ent at each locahty The deposit at Adelaide, like those at Yering-
ton,® shows that ore bodies of essentially contact-metamorphic type

2t i+

a* intrusion of the latter rock.

Nothing is known of the Red Butte deposits -

-1 stibnite and cinnabar.
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are not' necessarily in direct contact with igneous rocks near the
surface.

Antimony and quicksilver deposits.—The general character and dis-
4 tribution of the deposits of stibnite and cinnabar have been briefly
3§ outlined in the preceding section on the mineralogy of the ore depos-
Jits. The occurrence of both kinds of ores at a number of widely sepa-
j rated localities is one of the noteworthy features of this part of
3 Nevada, and indicates that the ore deposition, in spite of its varied
1 local manifestations, has had some ultimate dependence upon condi-
4 tions regional in their prevalence. In other Words, the ores show a
| general provincial relationship. :
4. The antimony and quicksilver deposits, with the exceptlon of the
{stibnite at Seven Troughs, are all, so far as is known, in Triassic or
1 Jurassic rocks and are supposedly of the same age as the antimonial
1silver-gold ores. No facts are known, however, that absolutely rule
{ out a Tertiary age for some of these depos1ts
1 Nickel and cobalt deposits.—The nickel and cobalt depomts in Cot-
{ tonwood Canyon consist of sulpharsenides. of nickel (gersdorffite in
i part), tetrahedrite, and some compound -of cobalt with sulphur,
arsenic, or antimony, with the various oxidation products of these
minerals. The ores fill small fissures in much-altered andesite or
{4 andesite breccia cut by diorite and may be genetically related to the
The age of the diorite is-probably late
 Mesozoic. The age of the mickel and cobalt ores is not definitely
determinable. If their deposition followed closely the intrusion of
- the diorite they are probably pre-Tertiary. On the other hand, the
occurrence of copper both with the nickel and cobalt ores and in Ter-
{ tiary andesite at the Treasure Box mine, a few miles south of Cotton-
4 wood Canyon, suggests that the nickel and cobalt deposits may be
Tertiary. :

32

CONCLUSION

- The southern portlon of Humboldt County is part of 8 metal-
logenetic province characterized chiefly by the prevalence of anti-
monial ores of silver with numerous and widely scattered deposits of
There are in addition some deposits of gold- -
silver, copper, and nickel-cobalt-ores. Ore deposition probably began

4 immediately after the intrusion of the Triassic and Jurassic sedl-

ments in late Mesozoic time by a magma of ‘generally granodioritic

The known Tertlary deposits are- essentlally gold-silver ores and cop-

;i per ores, but it is possible that some of the other types are also

Tertiary.

@ Ransome, F. L., The Yerington copper district, Nevada: Bull. U. 8. Geol. Survey No. 380, 1909, pp. "3

#9-119.
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. ,‘rBSTRACT

sinddle Jurassic carbonate: rocks. and gypsum that constitite the
-.m..rfmst preserved sediments. and, probably,

wpusits in successions of Jurassic rocks in the Carson Sink region of
severn Nevada. The formation records .a set of transitional
-nnments between open marine basinal conditions: and am

}
{
S
1

1. Carson region and, perhaps in areas of Nevada farther west.

{ nappe pile of the northern West Humboldt Ranige. Geometric
wiaions between’ intranappe and internappé folds suggest that
asppe emplacement and foldmg were coupled deformations in
ior Middle Jurassic tectonism: Sites of deposition of the Lovelock

scltof current exposures of the formation. -
" The formation is comprised of three members in a ‘maximum

crgence and  fresh-water. - diagenesis before deposition of

dle member consists exclusively of mtraclasnc micrite pebbles
m the lowei member. Finer grained sedimentary breccia above
ong]omerate is an accumulation of intraclasts and allochtho-

32

. vank. The upper member . comprises ‘gypsum and calcarenjte,
“dzposited 4t least in. part in standing water of a barred basin, The
~»équence of motions of the sediment surface relative to sea level

¢ 10 eustatic variations, but the: general temporal proximity of
I mutions were probably tectonic.

_-'N],\ in carbonate - rocks of .the Lovelock Formation. Such

fietamorphism -was perhaps synchronous with local geheration of

“azitate.-

- l\TRODUC'HON

. Gipsum and carbonate rocks here named the
-\"mmon constitute the apparently youngest marine deposits in

-l

B

1ted 1o a pair of nappes in an area of onily.a few square kilometers.
‘v likely, however, that the preserved deposits of the Lovelock
furmation- are-a vestige of a once more extensive lithic unit in the
7son Sinkregion and perhaps, in areas farther west. The rocks of
formation record. paleoennronments that were transitional from

ipparently. emergent, tectonically. active terrain.in ‘upper Lower
sic or Middle Jurassic time. Thus, the Lovelock Formationand
e nrobably corrélative Boyer Ranch Formation (Speed and Jones,
: "0 ?j-east of the Carson Sink were the last marine sediments of the

RE

{ “<vlogical Society of America Bulletin, v. 85, p. 105-118, 6 figs., January 1974

The Lo»elock Formation is an assemblv of late Early jurasslc or.

the last marine

emergent. tectonically active terrain. The current extent of the
armation is probab!v a small fraction of its original distribution in .

The Lovelock: Formanon occurs only in a pair of nappes in the .

'. m..mnon were probably not more than a few krlometers east or.
uhckness.of about 200 m. The lowest is'a micrite which.underwent .
mental limestones. of the middle member. Conglomerate of the’

sous particles from a variety of subenv;ronments on a carbonate’’

:'\'ordcd in the deposits of the Lovelock Formation is conceivably ..
*drposition of the formation to major tectonism suggeets that such -

ln>.dcposrtronal ‘hydrothermal recrystalllzanon occurs sporadr-‘

mhnon breccias in the upper member and local calcmzatlon of .-

Lovelock'

Mesozoic sedimentary _successions' exposed in the West
- Hu H‘Doldt Range, Nevada (Fig. 1). Outcrops of the. formation are.

marine basinal- conditions- in Lower jurassrc time to .an

- "“On reglon and were deposrted at. the onset. of or durmg ma]or'_

¢. SFEED Departrnerrt of Geological Scié_nces, Northwestern University, Evanston, Illinois 60201

i ;V aporlte Carbonate Rocks of the ]urassm Lovelock
: 'rormatlon West Humboldt Range Nevada

. tectomsm Thns paper examines the s:rangraphv and hthologv of the

( Lovelock Formation ‘with a view toward 1nt°rpretanon of its
depositional and tectonic history. .. -

Aside from its paleoenvnronmenral srgnrﬁcance the Lovelock
Formation provides a ke) to certain lithic and structural problems of
.the Carson Sink region. The nappes that contain the Lovelock -
- Formation in the northern West Humboldt Range (Gvpsum M.,
Fig. 1) occur in a pile of nappes of lower Mesozoic rocks. Nappe
piles of essentially similar rocks exist farther south in the West
" Humboldt Range and at plaees in the Stillwater Range to the east
“across the Carson Sink. A major exception to the uniformity of the
lithic assemblies of such nappe pilés is.that the Lovelock. Formation .
‘is apparently absent from nappes of the Carson region (other than
“ the nappe pair at Gypsum Mountain).” The highly restricted
- occurrence of the formation has been puzzling, considering that -
~associated early Mesozoic pelites are so widely distributed.

Nappe piles of the Carson region, however, contain a number of
; laterallv extensive tabular bodies of carbonate breccia and marble
which are. apparently much like the rauhwackes? of the alpine chains
{Leine,"1971). In the Carson region, the marble in such bodies is
. believed. to have originated: by calcitization of gypsum and the
breccia by compaction and collapse of carbonate residua during
-aqueous’ dissolution of the remaming sulfate (Speed, 1974). The
“extent of the carbonate bodies in the Carson region indicates that
precursor - gypsum was widespredd. There is no recognized
stratigraphic interval of sulfate rocks in the Carson region other than
_that in the Lovelock Formation, and by correlation, it follows that
: the Lovelock Formation was similarly widespread. Support for the
.‘correlation is derived.from the existence:of small' bodies of marble
and breccia in the gypsum unit of the Lovelock Formation. Study of
-the Lovelock Formation thus provides the “initial conditions” for
calcitization” and brecciation in.the production of the Carson
rauhwackes. Description of the rauhwackes and the transforming
-processes.is presented elsew here (Speed 1974 Speed and Clayton _
1974).. - :

Earlier mention of rocks of the Lovelock Formation was made by
Louderback (1904) and by Stone and others (1920), but thev did not
" provide 'a’ correct stratigraphy- because of unresolved structural
“complications. Wallace and Silberling (1962) give a reconnaissance
cross, section which includes rocks of the Lovelock Formation
' approx1mately along the same line as section'AA’ of Flgure 2 of this
paper. : -

< LITHIC UNITS OF THE NORTHERN
WEST HUMBOLDT RANGE '
The Lovelock Formation crops out entirely in the northem West -

‘Humboldt Range, Nevada, about 8- km northeast of Lovelock. It
occurs in a relatively complete but structurally. complicated

- succession of Lower Jurassic and Upper Triassic sedlmemary rocks;

together with- minor breccia and igneous rock: The lithic units -

*"Rauhwacke: name applied in'Europe, especially in'the Alps, to latérally extensive

) tabular bodies of-porous carbonate breccia or’rocks in which carbonate breccia is the

major constituent (Lemc, 1971). In the alpine chams rauhwackes are frcquently nappe

soles. l import the name as a corivenient and gcncral lithic descnptor There isno gcnetxc :
connotation mvolvcd . .

TBHULEN
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EVAPORITE CARBONATE ROCKS jURASSlC LOVELOCK FORMAT!ON ‘NEVADA

. associated with the Lovelock Formatlon are briefly descnbed bclow,

and thelr dlsmbunons are shown t in, Flgure 1.

Pelite?, Prmcxpally Lower Jurassic (] ks)

The volumetrically predominant rocks of the area of Flgure 1are-

fight colored, laminated 1o thin-bedded mudstone and siltstone.

“They contain minor thin 16 medium beds of calcareous sandstonc’
and thin-bedded to massive sandy, silty,.and stromatolitic dark

jimestone. Fossils. obtained in the unit indicate Early Jurassic
Hertangian, Sinemurian, and Toarcian ages. The youngest fossils
(carly Toarcian) are -Harpoceras sp., identified by N. J. Silberling,
which have been collected at severallocalities in the area of Figure 1

by Silberling and by me.  The Lower Jurassic pelites exhibit no-

ruognlzed stratigraphic succession of lithi¢ variations. Thus, in the

“area of Figure 1 where probably all the rocks are inthrust nappés, -
nllochthonous bodies of pelite cannot be assigned to a particular,

_stratigraphic position ‘in the succession by lithology. As a- unit,
however, the Lower Jurassic pelites are lithologically distinct from
most Triassic pelitic rocks which constitute the other w1despread
unit of pre-Tertiary layered rocks of the.Carson region.

Sulima {1970) studied an apparently CW .

jurassic pelite in Caal Canyon 2 km north ofthe area shown on

Figure 1. He found at least 1,000 m of Hettangian rocks which are

_ conformable above Triassic (Norian) pelite. The Triassic rocks are = «

_largely dark slate which contrast strongly with the Jurassic pelite. An

" slate in rocks lithologically similar to- the Jurassic pelite. The
‘systemic boundary could thus occur within the light-colored, more
.calcareous higher pelite succession; such rocks are here called Jks,
though most of them are Lower jurassnc The Lovelock Formatlon
. lies conformably above pelite’ of this unit.

Tpassxc Pelite (Ts)
ight-

tq_ - dstone and_siltstone, " minot

_ nmaceous sandstones, and dark limestone make up the Triassic.

pelite unit. Abundant “Monotis subcircularis and other fossils

indicate the unit is- Norian (late Late Triassic). Triassic pelite in the

area shown on Figure 1 occurs only in the youngest nappe of. rhe pile.

" Marble and Carbonate Breccxa {m)

A deformed tabular | nd _ca
{rauhiwacke) occurs as the second: h)ghest nappe (Fig. 2) in the

sugcession.of nappes-in the northern West Humboldt Range. The |
", mdrble is a coarse-grained tectonite; the catbonate breccia consists

~of marble and calcaremte clasts in a matrix of calcite- quartz sand.

‘Gabbroic Rocks ( )

A small body of anorthosite and anorthositic_gabbro intrudes
Triassic pelite of the highest nappein the northern part of the area of
Fi igure 1. The thrust that bases the nappe cuts both the Tnassnc pelite

and_igneous rocks, indicating thar the igneous rocks . are.

Allochthonous. Jurassic pelite in the subjacent’ nappe, however 1s..

slightly meramorphosed within a few meters of the igneous rocks
indicating that final cooling was essentially synchronous with

-emplacement of the nappe-occupied by the gabbroic rocks. The
‘Rabbroic rocks are an outlier of an extensive'body of gabbro farther - -

south in the West Humboldt Range; where evidence indicares that

“Intrusion was concurrent with emplacement of the highest nappe of -

the pile (Speed, in prep.): ornblende
-&mUsough of the body shown in Figure 1'1s 163 m.y,, and there is

Middle Jurassic, probably Barhoman (late - Middle Jurassic;
Howarth 1964). - C o '

3 \h

? Use of the word “pchzc asa hthtc dcscnptor connotes a very. hxgh propomon of

Stercalated silicate mudstone and sxltstone whlch -may locally grade to. ﬁne—gramed
mfcls or tectomrc :

R O - : AN oynsum | nappes
unfossiliterous interval about 100 m thick occurs above the Triassic - BYP pps

cia’

5'"‘6 question that the two bodies are coeval: An age-of 163 m.y:is .

107
STRUCTURE

The ob]ecnves here are -to provide an understandmg of

" macroscopic structure of the Lovelock Formation'as a context for

stratigraphic discussion. Space does not allow analysis. of data from .
minor structures that indicate the deformation and transport history

- of the formation; the latter data will be presented elsewhere, but

some conclusions are mentioned here.’

All of the rocks in the area shown on anure 1 are allochthonous,
and they are contained in a_vertical succession of folded nappes3 of
which ‘there is perhaps a total of seven in the northern West
Humboldt Range. Thrust boundaries of the upper four nappes are

“shown in Figures 1 and 2. The numbers on thrust traces in Figure 2

indicate the . vertical ‘succession of nappe boundaries and the
correlation of - thrusts across eroded intervals. Thrusts are easy to

" trace where they juxtapose differentlithologies, but they are difficult

‘to follow where.they separate bodies of simifar rocks, especially
Jurassic pelite. Thrusts at structural levels below those shown in
Figure 2 arelocally recognized just north of the area of Figure 1, but

“their traces cannot be continued as far south as Gypsum Mountain.

“The implication is, however, that Jurassic pelites structurally below "
the -Lovelock ‘Formation are allochthonous and may Lompnsc

- several nappes:

The Lovelock Formatxon occurs in a pair of nappes, here called the _
gypsum nappes,’ > that lie between thrusts 3 and 4 of Figure 2. The
contain, as well, Jurassic pelite. that is
strangraphlca]l\ concord'mt to the Lou]ock Formation. Bound-

_aries of the gypsum nappes are located with certainty excepr along

the west sideé of the southern.nappe (Fig. 1)} where the thrust
apparently occurs within Jurassic pclnc The northern gypsum

‘nappe overlies the southern one, such that thrust 4a on Figure 2 is

younger than 4b. The lateral proximity of the two gy psum nappes .

-and their occurrence at the same general structural level in the pile of
-nappes at Gypsum Mountain, however, suggest that the two gvpsum

nappes were originally continuous and ‘were 1mbncated durmg or.
after emplacement.

Relations between folds in ‘the Gypsum \1ountam area (Fig. 1)
provide a basis for interprétations: of the tectonic history of the.
Lovelock-Formation. Beds of the Lovelock Formation are deformed

- in three sequential fold sets, of which the first (ser 1) consists of
-intranappe folds; the others (sets 2, 3). fold both beds and nappes..

Major folds occur in all sets,-but minor folds are recognized only in
sets 1 and 2. Axial plane foliation and lineation are well developed in
gypsum "of the Lovelock Formation; but they are sparsely measured -
owing to the paucity of cxposed gvpsum rock. In contrast,
penetrative structures are rare in carbonate rocks of rhe formation.
Within the g\psum nappes, the Lovelock Formation and its

" substrate occur in recumbent major folds (Fig. 2). The general

orientation of tops of beds in the recumbent folds is indicated by
arrows in Figure 2 as determined from cross-bedding in the lower

-member, where it is locally homoclinal. The recumbently folded *

members are at places truncated'by the thrusts atthe nappe bottoms,
and such folds were clearly formed before final nappe emplacement.
Pre-emplacement folds thus constitute set 1. ‘Amplitudes of .the
major folds of set 1 exceed the width of outcrop of the-Lovelock

- Formation, and it is difficuli to determine the position and direction. .
of the trace of axial surfaces of such folds: Analysis.of minor folds -

believed to be cogenerate with the recumbent major folds, however,

- indicates that the original axial traces. of set 2 folds are generallv ’

northerly, and their axes are essentially horizontal. .
Folds of set 2. involvé.both the gypsum nappes and ad;acent pehte
nappes and are thus clearly later than the i mrranappe folds of set 1.

"3 Nappe: dxscrctc a]lochthonous téctonic unit, of mappable snzc as modlﬁed from .
récommended usage of.:Dennis.(1967).. There . is no constraint of -detachment,
displacement, or natureot’mtcmal stracture. Structurally continuous rocksof(ht upper. .
“plate of a thrust fault constituté a nappe,, but upper plates. of cxtcnSlve master thrus: :

.. faults may compnse an asscrnbly of nappes

]
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EVAPORITE’-CARBON‘ATE ROCKS, JURASSIC LOVELOCK FORMATION, NEVADA

:qc major pattern of hthlc umts in the Gypsum Mountain area’is -

5 LL]" due o set 2 folds, and folds of thrusts shown in: the sections of,

cure 2 are chiefly ofset 2, exceptinthe interval, BB'. Axial traces of -

,\xdc of set 2, like those of set 1, are generally- northerly, and axes

,,mlarly plunge, shallowly. Flgure 1 displays approximate axial .

" ac(s of major folds of set 2, the variability of which is due to folds
o st 3: Folds of set 2 comprise a spectrum’of wave lengths, limb
nprcssrons (tightness), and inclinations of axial surface. The

gl of the lowest harmonic recognized has a half wave length =.

7 kmi its axial trace passes through Gypsum Mountain. The west

“1imb of the synform exposes the lower nappes in the pile, including
the gypsum nappes. Smaller wave-length folds of set 2 have axial
: plancs that dip variably with easterly and westerly components. The

\erble dips indicate coaxial refolding or, possibly, remarkable

divergence of the axial planes of the higher. frequency folds on the '
‘Timbs of the major folds*.

Folds of set 3 consist of broad open folds thh essennally easterlv

~ axial traces.

" The coaxiality-of the mtranappe folds- (set 1) and those of set 2 ‘
together with the ‘generally similar variability ‘of axial planess of

fulds of the two sets, provides grounds for the proposition that the

. two Sets were produced in a continuum of deformation rather than

 tectonically discrete phases. The continuum: hypothesis implies
that nappe motion was adjunct to regional folding and was such that

there was little rotation of set 1 axes relative to fold axes of set 2, -
Further, the occurrence of the Gypsum Mountain nappe pile in a-
“major synform of set 2 implies.that nappe transport was directed -

wward the developing synform. If the hypothesis is correct, the:

(iypsum Mountain synform was-a nappe sink. The corollary is thar
“nappe sources were upfolds, and if motion was generally normal to

axes of folds of sets 1 and 2, such upfolds lay. east and west of the
northern West Humboldt Range. There is no clear interpretation of
whether nappe motion - was “uphill or’ downhill, although the

highest nappe.. Thus, deposition and-deformation, of the Lovelock

. Formation occurred durmg upper Lower jurassnc—Mrddle ]urassnc

time. "
Evidence for the source and transport dnstance of the gypsum

nappes is circumstantial. The hypothesis given in a previous
paragraph suggests transport of the gypsum nappes either grossly .’
1 cast or west into a synclinal trough; the displacement would have
“been up to a half wave length of the major folds which regionally:
seéms to be 4 to 9 km. The highest nappe in the West Humboldt pile.

rrobably came a few kilometers from the east or southeast, but there
s O necessary association of the direction of displacement with that

Lot the earlier gypsum nappes. Moreover, the multiplicity of nappes
J1n the West Humboldt Range and their lithic homogeneity (chiefly
- Lower Jurassnc rocks) suggest they had local dcrlvatlon and small’

—————

* Wallace and Silberling (1962).publlshed a reconnaissance structure section in the

G‘Psum Mountain area, approxrmately along section AA" of Frgure 2 of this paper. .
- They were the first to recognize the nappe of Triassic pelite that is based by thrust 1 of
* - m¥ sections. They further show that strata équivalent to the Lovelock Formation areina |
_3wor fold overturned to the west. Their fold does not correspond.in detail to folds™
. I-‘f“nrared inFigures 1 and 2 of this paper, but it is presumably a generalized equivalent

o folds of my set 2 that deform the southern gypsum nappe. They believed that the

-dertumning indicates east to west overriding. Such motion is demonstrable at places in -

- 32 West Humboldt' Range, but at Gypsum Mountain, the spatial variability of

wmation of axial surfaces of folds of set 2 makes difficultan mterpretatlon ofa general

<section of overriding.

*Poles 10 axial planes of folds of sets 1 and 2 occupy similar great circles on

" fquai-area plots. Such circles are spatially variable owing to rotation by set 3 folds. Set 1,

v~mes are full c_\rde, whereas those of set 2 oceupy pamal cu'dcs

. m .of relatively homogeneous: dark limestone.’

displacéments; because rocks alien to those in the nappes and to -

“Mesozoic rocks generally in the Carson region have not been mixed -
‘in the nappe pile. Although the ‘arguments are not compelling, 1 :

believe the gypsum nappes were derived a few kilometers west or
east of their current position and that such positions may be grossly
taken as the depositional sites of the Lovelock Formatlon relative to
the pellte substrate. : :

LOVELOCK FORMATION

: Formanon Charactenstlcs o
' ~The Lovelock Formation comprises three informal members:. a

lower member of dark limestone, a middle member of limeclast -

.conglomerate and microbreccia, and an upper member of gypsum

and interbedded calcarenite. The formation is variably 25 10 200 m

_thick, Figure 1 shows the extent of the/Lovelock Formation. It is

locally differentiated in two map units, upper and lower + middle,
the middle member being roo thin to show separately. Elsewhere, the
formation isundifferentiated either where tight foldmg makcc the.
members difficult to show or where the formation consists chiefly of
carbonate breccia. Such breccia is due largely to the accumulation of -
limestone fragments during dissolution -of gypsum,.as discussed
later. Hence, much of the undifferentiated Lovelock Formation on -

Figure 1 orlgmally consisted dominantly of the upper member.

Erosionally isolated bodies of carbonate breccia and recrystallized
limestone are called }? if they occur at the same structural level as

* the Lovelock Formation. The uncertainty in-correlation is that in’

principle, one or more of such bodies couild represent the fealher

.edge of some other nappe (or nappes) that lies between thrusts 3 and
‘4 as shown on Figure 2..The lithic similarity among breccias of the
- 1solated bodies and . that of the Lovelock Formation,. however,

suggests they are all evaporite solution breccias derlved from the

. sarme gvpsum unit whether structurally contiguous or not.,
apparent lack of rotation of set 1 folds may. be suggestwe that the:-

. nappes were not detached gravity slides. _
Dated gabbroic rocks (163 m.y. old) are deformed by set 2 folds .

. .and ‘are essentially contemporaneous with emplacement of the .

The Lovelock Formation lies conformablv above ]urassrc pehte

. The formation rop lS erosnonal

Age . .
e Love dated paleontologicallv. Fossil

material consists of pelecypod and cephalopod debris, but none is
generically” identifiable. Thus, age bounds are assigned to the .

- Lovelock Formation on.indirect evidence: Thé maximum age is

Toarcian (late Early Jurassic), and the minimum is Bathoman {late

-Middle Jurassic).:

The maximum age 1s based on youngest f05511 ages in the Early
Jurassic pelite. hwdﬁﬁ_cﬂigfﬂg%y_ﬂgum
Loyelock Formation-in the-gypsum nappés has yielded no fossils,
but, h}__hxhgl_w_unquesnonablv part-of the predommantly
jurassrc pelite unit (unit JRs). The gypsum nappes lie above pelite

.with Toarcian fossils, jand: they are overlain by an extensive nappe .
which also contains foarctan fossils. Furthermore, rocks like those

of the Lovelock Formation are nowhere mterbedded with pelite in
the Carson region, and pelite "does not ‘lie above the Lovelock .
Formation. The conclusion is that the Lovelock Formation is

* younger than any rocks in the pelite units. The minimum age of the
.Lovelock Formation is equivalenit to the age of the gabbroic rocks -

(163 m.y.) which weré intruded and cooled during emplacement of
the hlghest nappe . The gypsum nappes, "having becn emplaced
earlier; must contam rocks older than 163 m. ¥

Lower Mcmber

The lower member of the Lovelock Formanon consists of 3w 3s

The hmiting
thicknesses occur where the unit is tectonically attenuated or .

“repeated; about 25 m'is the average strangraphlc thickness. The -
“limestone . consists largely of calcite micrite which is widely
K tecrystalhzed to m\crospante chnte is made up of calcite grains S
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~or less ‘with-an abundance of mterstmal opaque materlal lncludmg

‘contain

’ pyrlte and carbonaceous ‘substances. -In microsparite, the calcite
- grains are Su to 12u, and thev- occupy a granoblastic texture which -

is interpreted to be of dugenetxc 'origin. The content of opaque’
substances is lower in the microsparite than in the micrite. At places,
micrite (or microsparite) grades to patchy spante with calcite grain
diameters of 100 or less, generally in association with calcite spar
veinlets which abundantly: cut the lower member. Sparse anhedral

quartz grains up to 60u.in diameter and a few platelets of white mica

occur 'as isolated’ parncles in the micrite and its recryatalllzed
equivalents.

The: micrite contains scattered to lomlly abundant laminae and :
thin beds of silty micrite, quartz calgsiltite, and quartz calcarenite. |
The coarser particles are calcite, quartz, and-pyrite. Silty micrite and

-calesiltite occur chiefly “in plane laminae that sharply coentact.
“micrite.- Calcarenite is generally in beds as much as 7 cm thick that
maximum .

sets.~-of tangennal Cross- lammae ~whose..

" inclinations are. Ilb()ut 15°.

The absence of fossils or skeletal’ debris in.the lower member is
noteworthy. Moreover, the existence of undisturbed plane laminae
throughout the limestone indicates absence of bloturbanon and
suggests that benthonic faunas were lacking.

The lower member records a change, at least of local extent,

" sedimentary environments from the deposition -of fine snllcate as

represented by the Toarcian substrate to deposition chiefly . of
carbonate mud and only minor extraclastic components. - The
absence of fossils, predommance of mud, and darkness of the rocks,:
apparentlv owing to disseminated organic materlal suggest a

*medium ‘of largely stagnant, low-oxygen waters. The limited
exposure of the Lovelock Formation prevents an understanding of
‘the regional extent .of the change of environments. The Lower
Jurassic pelites, however, are characterized by their wide lithi¢

homogeneity, implving lateral uniformity of - their deposmonal

_ basin. The lower member of the Lovelock Formation thus indicates

‘either bypassing or céssation of the silicate flux and chlcﬂy local
generation of deposits. . -

.At places;. the ‘lower member is strongly bleached and
recrystalhzed to an average grain size of 1 mm. By its.intensity and
local occurrence, such recrystallization seems not to be of the same

' generatlon as the more perv asive mlCl’ltC mlcrosparlte sparlte series.

The local intense recrvstallization, moreover, affects ‘the middle".

“member (and perhaps. the upper - member)- ‘of the Lovelock

Formation, whereas the microsparite-sparite recrystallization is at
least partly earlier, apparently pre-middle member, as discussed
later.. Where patchy, coarse recrystallization occurs "at the
stratigraphic top-of the lower member. Where'more extensive, as at .
the northernmost and ‘southernmost exposures “of 'the Lovelock.”

Formation, nearly the entire lower member is colorless coarse- -

_grained meta- limestone. The absence of foliation in' the coarsely
recrystallized rocks implies that recrystallization was riot produced
by deformation of the Lovelock Farmaton. The distribution of such

" rocks suggests penetration-of solutions and (or) heat- dow nward
_from the top of the lower member.

- Differences in. conditions ‘of recrystallization of micrite to.
microsparite and to meta- -lifmestone are indicated by carbon--and

" oxygen-isotope data (Table 1) Rarios in microsparite are those. ofa.

TABLE 1. CARBON- AND OXYGEN-[SOTOPE RATIOS
OF -LIMESTONES OF THE LOWER MEMBER OF THE
LOVELOCK FORMATION®

Rock‘ 6C'2(POB) /40 - SCIY(SMOW) °/qs
Microsparite . . +0.6 - . 18.2
Coarse-grained colorless '
meta-limestone from 0.5 m = R
below top of lower member -5.3 7.2

'Amlyses courtesy of RN Clayton, Universicy ct: Chicago.

R C SPEED

marine llmestone whose oxygen has equlllbrated w1th llght—O\(Vgen
"water, as interpreted by Speed and Clayton (1974). Textures of the -

_‘'microsparites surely provide no suggestion that the recrystallxzanon :

was at a srgnlﬁcantlv elevated temperature “such’ that the oxvgen .

exchange and grain reorganization in micrite ostensibly ‘occurred

than the microsparite and also textures ‘which indeed suggest higher
_temperature recrystallization. lnterpretatlons of the meta- hmestone
.isotopic data by Speed and Clayton (1973) are that the temperature

‘was'sufficient (=200°C) that decarbonation during recrystallization-

allowed concomitant lowering of 3C** during hydrothermal oxygen
exchange.  Thus, ‘meta-limestone -appears to have resulted from
recrystallization due to hvdrothermal flmd that entered the lo“er
-member sporad)cally from i its top: :

Middle Member

The middle' membet of the Lovelock Form:mon is predommaml\
limeclast conglomerate and sedimentary breccia together with lesser
amounts of calearenite and red silicate-mudstone and sandstone.
The thickness of the middle member varies laterally from 3 to 20 m.
The contact of the lower and middle members is' largely
_conformable, buit locally an angular unconformity exists. o

"The coarse-grained tragmental limestones- of the middle member
are of two distinctive lithic types, described below as calc-

’ conglomerate and-sedimentary calc-breccia. Conglomerate consists
chiefly. of 'a_massively bedded’. framework -of subangular to
"subrounded limestone clasts. A few thin lenses of calcarenite existin,

the 'conglo'merate There is at most places a modest preferred shape

-orientation of clasts. The clasts are equant’to ovoid; axials ratios

<2. Maximum clast lengths are between S and 15 cm.

.Clasts are largely micrite; laminated micrite- quartz calcarenite,
and - micrite. variably recrystallized within the ‘micrite-sparite
spectrum. Many limeclasts contain veins which are truncated by
clast margins. Clasts composed entirely of coarse-grained vein spar
exist. Sparse fragments of calcarenite and pebbly calcarenite in the
conglomerate are lithologically like the conglomerate matrix and are
"interprered to be of synsedimentary derivation.

. The calc-conglomerate matrix is fine- to medium- gramed '
.calcite-quartz—white-mica sand. The quartz content of the matrix is
inversely proportional to grain size and does not exceed about _)le

percent. At places, sand of the matrix grades to lerisy thin beds
calcarenite or pebbly calcarenite:

o

e

v

during pervasion with meteoric water. In contrast, meta-limestone ..
in the lower member contains remarkably lighter isotopic ratioy .-

5 esie

Toaen Tl

Calec- cong,lomerate occurs chleflv at the base of the mlddlr ‘.

member and is overlain’ conformably bv sedimentary calc-brecciu
which contains thin interbeds of finer grained calc-conglomerate.
The clast population of the congiomerate largely contains the same

lithic spectrum as does the lower member. The lithic similarity and

spatial relations clearly indicate that the lower member ‘was the
pebble source. The - framework structure of most of the

conglomerate and quasi-equant pebble shapes and modest rounding -

suggest that the micrite of thelower mémber was atleast modemtcl\
llthlﬁed by the time it was eroded.

The conglomerate is of variable thickness, and it wedges out it
places Where the conglomerate is absent, sedimentary calc-breccia

" lies” directly on . the “lower member with modest - angular

unconformity. At such places, the lower member was variabl:

-eroded with or withour uplift before deposition of the breccia. The

relation indicates such places were likely sources of conglomerate
pebbles. Exposure does not allow clear assessment of whether the

unconformities are shallow channel bottoms or eroded surfaces ol

tifted micrite beds. It is thus possible that the conglomerate LOUld
fluvial or wave-laid or'both’
The second distinctive fragmental rock type in the middle me ml‘tf

s -sedimentary - calc-breccia’ which generally lies above: the
conglomerate (Figs. 3, 4, 5). The breccia contains thin’ interbeds ¢f
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L. C Gerhard klndlv examined specimens of-the calc—breccnas to.

" assess a suggestion that the ghlpS are-algal. He finds no morphologlc '
evidence or internal structure in the chipsto establish the presence of -

-algae (notably chlorophvtes) which could, in principle, contribute -
" coarse skeletal debris. Moteover, Gerhatd ‘reports. (1973, written*

" commun.) that no Jurassic’ ‘chlorophytes “are known which bear ’

. morphologic resemblance -to the chips. The well-aligned, vaguely

botinded columns of dark organic material in chips are not skeletal

‘structures, because parallel columns exist in partly recrystalllzed

micrite ' clasts (Fig. 5).

Because the chips are‘ewdentlv nonskeletal they must be

" .presumed ‘to be. organicsrich micrite laminae or. equivalently,,

carbonate mudchips. Eviderice of ﬂf."(lblllty during deposition
indicates that at least some chips were soft -and incompletely
lithified. Moreover, their apparently fragile character and angularity,

suggest the chips were not transported a great distance. The chipsare-

evidently intraclasts, and the most likely origin of such mudchips, as

suggested by L.-C. Gerhard, was as dessication clasts. The steady.
. production, erosion,

and marine deposition’ of "the mudchips
apparently requlred anintertidal énvironment. The mud surface was

" ostensibly a seal to atmosphcnc oyxgen such that orgamc matter
" was at least’ partly unoxidized in the.mudchips. There is no’ relict . {
internal structure in the mudchlps suggestlve of orlgmal algal = §
- - binding agents. . -k
‘ Sparser clastic framework components in the breccxa are pellets'

and various coated particles with diameters'between 0.1 and 0.6

- mm. Pellets are homogeneously micrite; no algal Lomponents have

~been'resolved. Some - pellets have a smgle very thin .concentric rim.
- Many with or without ritns have drusy rim cement. Superficial oSids.
-or multicoated pellets have as'many as four coatings; such particles

are less abundant than pellets, and o6ids are yet more scarce: Coarse
calcite crystals of probable skeletal origin occur-within- single or

- multi-coatings. A few veined pelletal aggregates exist. Itis important

-

. percent. The close packing is obviously due to. the subparallel
stacking of the carbonate mudchips and their draping around . -

to note that the.pellets and coated grainsare largely spherical, thus

unstrained, in locally planar segments of the mlddle member. It is -

thus clear that the faan of the sedimentary breccia is not tectonitic.
L..C. Gerhard (1973 written commun.) observed sparse-and
poorly preserved fossil fragments in the calc:breccia. He found

pelecypod and cephalopod debris, and possible ‘ostracodes. Such

fragments " indicate -that. the calc-breccia is marine. The “shell
fragments as places have micritic coatings and algal( ) bormgs as
descnbed by Bathhurst (1966).

The coarser components of “the sedlmentarv brecc1a form a
compact framework whose interstitial volume. is ‘less than 10

limeclasts. The interstices contain variably calcite mud and sand-size

calcite-quartz-pyrite. The sand marrix is dlsnngulshed by its hlhher

quartz proportion and abundant pvrite.
Red ssilicate mudstone and sandstone and pebblv equlvalents

. occur in a generally discrete subunit in the middle member of the
northern gypsum nappe; such rocks are absent in the southern,

fgypsum nappe. The silicate rocks. are bounded by .conformable -

" contacts with' sedimentary breccia which, moreover, occurs as’

laterally tapered fingers and isolated deposmonal lense§ in the

- silicate rocks. The silicate rocks have a maximum thickness of about-

5 m; their thickness is proportional to the thickness of the member.

'The rocks: are predominantly kaolinite.mud. containing. various

" proportions of quartz silt or sand, detrital coarse white mica flakes,

and finely disseminated iron oxides. Sorting is’ generally poor, and*
~whereit can be resolved, bedding is plane. . '
At places, the silicate rocks are pebbly mudstone or. sandstone the: -

clasts are commonly rounded, ill-sorted, and as coarse as 1'm in

diameter. The most abundant clasts are dark micrite and vanably :

recrystalhzed equivalents as in the fragmental Larbonate rocks..

R. C. SPEED

Figure 6. Lammated gypsum- calcarcmte Tight s s:de of spccuncn isa polnshed surfade- . -
- where darker bands are gvpsum nch and whne bands are more calcitic. :

In fboth‘ the. c'avlc'-cti)ngly'o'merate‘ and' cale-breccia of ‘the middle

“member, two phases of recrystallization ‘in the intraclasts can bé
tecognized. The earlier- phase. corresponds to the production of -
microsparite.and sparite in the lower member and is at least partly-

" pre-middle member. The later phase involved strong hydrotherma
+ recry stallization, and by the proportionate degrees 6f such alteration

in the lower. and mlddle members, the hydrotherma] event was |

post-middle member. -

The temporal relations: ofthe first recrvstalllzatlon and deposmon .

of the middle member are mterpreted from the juxtaposition of

micrite and sparite clasts and the existence within clasts of veins cut y"
by clast boundaries in conglomerate and breccia at places where’

effects of the later recrystallization are apparently absent. Further, in

-such rocks, the matrix contacts lithic clasts sharply and matrix ;

carbonate. is not evidently texturally different whether it contacts

micrite or sparite clasts, implying the -variable recrystallization -
within lithic fragments is pre-clast. - The relations thus support
. evidence from the morphology of clasts derived from the lowcr
) member that they were lithified before erosion. :
* The recrvstalllzanon history of the carbonate: mudchlps in the
calc-breccia is more uncertain than that of the lithic clasts. The .

microsparite and sparite of the mudchxps are zoned in 'many chlp\

such that the coarsest grains are in the chip center. The zoning

indicates recrystallization after fragmentation. Boundaries of chips.
however, are sharp with -respect to the matrix, suggesting that

recrystallization occurred prior to deposition. Thus, it is possible. -
. that the mudchips recrystallized during dessication and transport.

possibly having started. as aragonitic mud. On the other ‘hand.

aragonitic mudchips could. conceivably have been deposited and '
_then recrystalllzed to. calcite without interaction w1th the Laluu

sand of the miatrix.
- The later phase of hydrothcrmal recrystalllzatlon is patchy in th‘
middle member, as is also the case in the lower member except at tht

'nonhern and southern ends of the outcrop .area of the Lovelou'
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} EVAPOR]TE CARBONATE ROCKS, JURASSIC LOVELOCK FORMATION, NEVADA

‘.Ormatton There, 2 high degree of recrystalllzatlon pervades the
-yrmation and at places makes. the fragmental character of the
niddle member difficult to recognize. Figures 3, 4, and.5 illustrate’
~pe -creation of - lensy patches of colorless. coarse calcite

smeta-limestone) from clasts, mudchips, and matrix in calc-breccias
Juring progressive’ alteration. The dark organic material in the

(arson region (Speed and Clayton, 1974).

Scdrmentology of the Middle. Member

,kchgatlonal carbonate particles. In-place biogenic components are

_absent. The abraded particles ‘are largely coarse lithic particles,

"‘mudchlps, and fine-grained calcite-quartz sand.. Accretionary. and-
asgregational grains are coarse sand-size pellets; 06ids, and skeletal
prrtlcles The member also contains minor extrabasmal snltcare andv _

ql':ll’tZ sand of presumed terrigenous origin.

“ Perhaps 50 percent or more of the: middle member consists of

limeclasts-of micrite and variably recrvstalllzed equivalents. Coarse

.dlasts are in the calc- conglomerate, the granule fraction is in the

cale-breccia, and the full size range occurs in the red siltstone. The

‘Jimeclast population constitutes a homogeneous and continuous’
lithic -spectrum that ‘corresponds closely to thé spectrum of

limestones of the lowér member. The: conclusion is that limeclasts of
he middle member were derived solely from the subjacent member.
:"Dark limestones that exist- sparsely in Jurassic pelites below . the

Lovelock Formation could in principle have served as a limeclast .
‘however, are sandyand  abundantly -
“siromatolitic and .are not easily confused with the limestone of the

lower member.of the Lovelock Formation. Moreover, itis difficulr to

cnceive of the limestone of the pelite.sequence as a source for the.
~limeclasts of the middie member because of the absence of clasts of
resistant sandstone and siltstone which volumetrically predommate
~over dark limestone in the Jurassic part of the pelite sequencé.
Evidence is lacking for dating the hiatus between the lower and
middle members within the age limits’ of the formation. Broadly . .
considered, however, the events whlch changed the environment
from Tsilicate ‘to’ micrite: dcposmon at the base of the Lovelock

Forination were likely to have beenrelated to those which ultimately

-provided conditions for gypsum {or anhydrite) saturation in marine
waters and deposition of the upper member. Given such continuity,
the clastic middle member was surely related to the same events, and -

the limeclasts would be truly intraclastic (Folk, 1959; Wolf, 1960).
Clast morphology and textural relations with the coriglomerate

'mrtrnx indicate-that the limeclasts were at least- moderately lithified

_ before transport. Lithification was.presumably concurrent with the
'rccrvstalltzanon ofmicrite in the lower member to microsparite and
sparite. The question arises as to how such recrystalhzatlon could .
have occurred. in a scheme of -quasi-continuous’ evolution of the
Luvelock Formation. Because the early recrystallization of micritein

the lower member apparently involved oxygen-isotope exchange
hetween calcite -and méteoric water, there must have occurred

partial or total emergence of the micrite after deposition. The early’
. tecrystallization was thus a_fresh-water diagenésis. Moreover, it
-llows that emergence provided the local sources of lithified -

fimeclasts - for deposmon as calc: conglomerate of the middle

“member. .
“Limeclasts in tbe conglomerate and breccia of the mlddle member -
f underwent modest lateral motion’ as lndlcated by thelr sortmg,

audchips is preferentially retained relative to that in the lrmeclasts,': ,
i nyt the ultimate product is a completely bleached rock. The organic -
. zarbon removed during hydrothermal. recrystalllzatxon of the lower
. and middle members may play an-important role in generation of
ight-carbon marble in the upper member.and raubwackes of the

fragmental rocks.
“throughout the deposmon of ‘the middle member. The calcite

113‘

roundmg, and packmg The lithic: bomogenelty of the pebble

- population, ‘the spatial coupling of the conglomerate to its. clast

soufce, and the variability of thickness of the conglomerate argue

‘effecttvely, ‘however, that pebble transport was short and that
" extrabasinal input to the conglomerate was nil. T envisidr ‘that after

exposure and diagenesis of the micrite sediments of the lower
‘member, wave and (or) fluvial erosion dissected such rocks-and
created an irregular terrain. Fluvial erosion may have been
important in local clast transport, but postulated streams were

- surely not connected to major terrestrial drainage systems that |

would have contributed extraclastic debris.

The transition in the middle-member from conglomerate to-
calc-breccia records the deposition of granule-size intraclasts and
near exclusion of pebble and coarser sizes. The ‘transition implies

» " lateral and (or) vertical erosional retreat of the irregular limestone
; The middle: member of the Lovelock Formatlon consists almost -
entirely of deposits of allochthonous abraded and accretionary or.

terrain and a change to a lower flow regime. Such changes were
concurrent with, the first recognized. deposition of carbonate

-mudchips, coated grains, pellets, and skeletal particles. This particle
assembly -was derived from subenvironments that are common to

shallow carbonate banks with laterally .variable flow- regimes.

"Mudchips wete ostensibly dessication clasts on intertidal flats, o6ids

were probably generated at places of strong tidal flow or wave
motion, and pellets were more. generally lagoonal ((Sanders and

“Friedman, 1967). Deposition of the calc-breccia thus reflects either

the construction of a4 carbonate bank or perhaps the first pres-

‘ervation of allochthonous bank-generated particles. | postulate that
_erosion of the exposed, initially irregular micrite terrain, coupled
‘with deposition of the calc-conglomerate, smoothed the surface and

created a lower relief littoral environmént with much’ enhanced

" particle circulation.. The flow regime during deposition of. the
-calc-breccia was reasonably strong, however,
thorough- mixing of various particles.and the absence of autoch-'

‘because of the

thonous micrite laminae whose . presence would mdtcate flows
locally too weak to rip off bottorm mud. ESRRE :

" Fine-grained, calcite-quartz sand occurs in the mnddle member as
generally discrete calcarenite beds or as the matrix of the coarse
-Such. sand thus appears to have existed

fraction consists entirely of abraded particles, apparently of lithic

“origin. It is reasonable to assume that during deposition of the
" conglomerate, lithic carbonate sand accumulated in quieter waters,

perhaps offshore of the eroding terrain. The. quartz component -
coiild have been partly derived-from the micrite and, perhaps as well,

by longshore transport. The suggestion is that such sands formed the
- bank margin once the micrite platform was smoothed by erosion.

Beds of red mudstone and sandstone and quartz silt and sand in

“the matrix of fragmental carbonate rocks and calcarenite beds

indicate a terrigenous input into the postulated carbonate bank
‘environment. Matrix quartz'is ubiquitous and implies a steady but
small influx. The red silicate rocks, however, have characteristics -

-which suggest emplacement as a single pulse. The rocks are poorly
-sorted” except where they .grade into sedimentary breccia; they
“-occupy a single stratigraphic interval in a restricted area (northern =
nappe only). Lastly, théy contain a. wide spectrum of sizes of -

matrix-supported clasts, some of which are intraclastic and some "
extrabasinal: Pickup and transport of the clasts would seem to

‘require. -significant velocity and density of. the - fluid. The"
- characteristics suggest that the red silicate rocks were emplaced as a
- mudflow into the depositional site of the sedimentary breccia. Local |

reworking produced some bedded silicate rocks and interfingering

silicate and -carbonare layers along the margins of the mudflow. - -
-Regardless of mode of emplacement, the red silicate beds indicate
_breachment of a barrier (solid or fluid) which. had ‘apparently

prevented large terngenous input during precedmg deposmon of the

. mnddle member. ,
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“The upper member of the Lovelock Formanon is made up of
gypsum and quartz, calcaremte which are mterlayered on various ,
scales from lamination to homogeneous beds 2-to 3 m:thick. The .

. member also locally contains bodies of calcarenite breccia and of

very coarse grained tectonitic marble. The contact of the upper and -

- middle members is placed at the top of the sedimentary breccia; the .

basal rocks.of the upper member- are conformable fine-grained-..
thin-bedded calcarenite. The boundaryis thus a sharp change from -

" coarse fragmental carbonate rocks to carbonate sandstone; because

calcarenite occurs in the middle member as matrix and as sparse”

- discrete beds, the transition “essentially records the cessation of

_deposition of coarse particles. The top of the upper member is.
“apparently erosional, and it is .inferred that beds of the upper,

" member are the last marine deposrts of their - strangraphu.

succession.

The upper member presents dlfﬁcultles in stratxgraphlc and
structural analysis because thick surficial efflorescent gypsum coats’
much of the surface underlain by the member. A qualltatwe
appreciation of the nature of the unit can be gained from mine faces
and trenches, but spatial variability is 1mpossnble 10 determine‘at the

‘surface. Beds of. the upper member are in isoclinal folds of set 1.
" Axial planes of the isoclines are minor-folded on northerly axml

traces in harmony with-the megascopic refolding - of the major

“recumbent folds i in the nappes (Fig. 2). Calcarenlte bedsiin fold hmbs
_.occur commonly in boudinage. ,

_The -original stratigraphic thlckness of the -upper- member is
unknown. The preserved thickness is uncertam but is perhaps of the

" order of 100 m.

Layered rocks of the upper member aré various assemblages of

-gypsum-calcite-quartz-white mica. Laminated rocks are abundant, -

and they occupy stratigraphic mtervals as much’as several meters
thick. The. laminae are 0.1 to 5 mm tl\lCl( (Fig. 6). They are..

" alternately homogeneous gypsum in anhedral - mosaics' and

gypsum-calcite-quartz-mica. Calcite and quartz occur in generally -

discrete equant grains between 0.1 and 0.2 mm in diameter at a,
relanvely constant ratio (calcite-quartz grains) of 30.-White mica is’,

in trace quantities. Very thin calcite- quartz laminde are essentially
monoparticle layérs of which gypsum is perhaps 50 percent. As the”
thickness of the calcite-quartz laminae increases the proportion of -
gypsum diminishes, and the calcite and quartz grains are slightly

" coarser: Thin-bedded rocks are apparently more pléntiful than the
laminated ones. Here, gypsum containing disseminated granular

“calcite occurs in beds a few centimeters to .a few tens of centimeters ~

" euhedral gypsum grains up-to 5 mm in length occur with smaller -
anhedral grains. Some coarse gypsum rocks are nearly panidiomor- -
-, phic. "A few. coarse gypsum  euhedra intersect  laminae ' of

“thick. . The gypsum ‘beds alternate with calcite framework .

quartz-calcarenite beds 1.5 cm thick' which contain little or no
gypsum. Still thicker beds are exposed locally; they consist ‘of
homogeneous coarse-grained gypsum up- to 3 m thick and
‘cross-bedded calcarenite or calcitic quartz sandstone over mtervals )
m thick.

Thick-bedded calcarenlte occurs at the base of the upper member
but there appears to be no other preferred stratigraphic succession
among the layered rocks of the upper member. Discrete calcarenite
beds are estimated to constitute about 25 percent of the upper
member. Inclusion of calcite and quartz in laminae and disseminated
in'gypsum would increase the nonsulfate quantity another 10 to 15
percent.

Gypsum associated with’ calcite- -quartz in laminae or thin-beds
occurs .in a mosaic of anhedral grains averaging about 50 in
diameter. In more homogeneous gypsum-lavers, however, abundant

calcrte quartz mica and include’ the nonsulfate grams of . the

Y T PR oL Foo.

R C SPEED

- thus'may be questionable whether. recrystalllzatlon fabrics should |
_ reasonably ‘be assigned to deformation early in the: formanons ;

"rocks of the Lovelock Formation, and to'my. knowledge,'it has not

- replacement of anhydnte by gypsum or the former ex1stence ot

* cross-bedding. Biogenic, pelletal or odlitic grams are. apparenrl\

f conformably and in probable temporal continuity with fragmentai

- mudchips and coated and skeletal particles from the section with the

-deposition;

- o its marine barrier.

~interlayers of gray to black finer grained crystalline calcite res ¢

g
' q

) lammatlon w1thout modxﬁcanon As mdlcated below calcite, {‘O

_quartz, and mica are believed to be clastic particles. The textures
- suggest that the coarse gypsum grains have grown at the expense of--*
~.former * finer grained ~anhedral gypsum which - commonly s .
assocnated with the. nonsiilfates. Moreover, there'is a, preferred Py
‘orientation of (001) of coarse gypsum grains which parallels axial ' .
.planes of minor folds as well-as a grain-shape lineation: The coarse .
gypsum thus appears to be postdépositional and probably s~ |
synkinematic with first deformation, ostensibly during the creation ,
“of the major recumbent folds before or during nappe transport.
-One would predict that sulfate in-a tectonic and hydrothermjj . -
environment like that of the ‘Lovelock Formation would have
undergone multiple dehydrations -and hydrations in its history, Jr. |

history. Anhydrite, however, is currently unrecognized in surface

nodular anhydrite. -

The calcite- -quartz-mica - laminae and calcarenite’ beds ‘are i .
well-sorted deposxts of fine-grained and very fine grained sand. The § N ;,go;
- interpretation is based on the occurrence of discrete, equant grainsin™’; . oy
laminae, the similar.size of ‘quartz and calcite, and the low-ang|e f. gt

absent in these rocks. : g Sre
- Gypsum -and. calcaremte of the upper member. were deposited 4 . <t

l‘ hrec

l brec

. Forn
onset of evaporite deposition suggests deepening and. decrease in * rrar
circulation coupled withincreased salinity. Such changes may have <
.been " in ‘conjunction - with landward transgression: of the zﬁ cons:
environments represented by the middle member. The accumulation ;- thin-
of locally thick pure sulfate implies precipitation in standmg water ¥ saro
and the existence of a barred basin., Alternation of gvpsum with ¥ tagr
calcarenite that includes quartz ‘of ostensible terrigenous. origin. - ir:

indicates, however, some degree of particle transport. The laminated *

rocks of the middle member. The concomitant disappearance of:

xlu §
_rocks (Fig. 6) surely indicate periodicity, tidal or diurnal, 013 pebb

thin-bedded rocks might similarly represent lower & of fr:
‘frequency periods: The rocks are not dune accumulations, judging 4, h
from the absence of appropriate structures; the evaporite is not k Spedt
supratidal, because it forms the rock framework and does not 3. sorti:
.apparently” disrupt calcite-quartz beds, ((Kinsman, 1969). The s thick

" deposition of evaporites over littoral deposits of the middle member t Cs

indicates subsidence of at least 100 m of the evaponte basm relative V ivery

[R1834]
dre n

Calcarenite of the upper member is sxrmlar in composmon anu
grain size to that in subjacent members except for a possibly finer.{ . ing
mean size. - The implication is -that calcite-quartz sands were i thus
‘continuously generated .during the -history of the Lovelock { nurm

. Formation. If such sands constituted a bank margin at the onset ol l Yps

deposition 6f the middle member, they ‘may have contributed to the . bhrece
‘barrier that existed during evaporite precrpltanon jrthaty

i' Jecur
Marble in the Upper Member lamir
- The upper member contains bodies of calute marble Wlll(.l‘l 3rcl waloit

clearly postdeposmonal ‘The existence of marble in the Loy elmk hrece
Formation is an important link in the interpretation of the origin ¢! } texm,
rauhwackes in the Carson region, - - el

Marble consists of coarse-grained (1 to-5 mm) calute with 2 wwead
_granoblastic texture, and at places, a megascopic grain- -shape i onge

3
“foliation and lineation. “Colorless marble at places eonl-llr’i""'w

which gives strong emission of H;S when broken. Where layere= T‘ eid
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: ,,J.nnl folds are ewdent in the marble. Rocks classed as marble are’

early coarser_in grain size than the sparites, and they are both

Rix
- drothermally altered meta-limestone below the upper member.

kadies of marble occur in the upper member in‘the northern and-
- siathern nappes. An extensive but thin (0.5 to 5§ m) body of
.roronitic marble lies along the thrust contact of the upper member

2ad rocks of the pelite sequence over a distance of about 1 km in the
~orthern nappe. Here, a zone of breccia separates gypsum from the

~yrble. The position of this marble body is suggestive that its origin .
connected with thrusting. "Another body of ‘marble . of -
sutcrop dimensions .30 m on a side is surrounded.by gypsum.

" Jarble is brecciated at the conrtact, and gypsum fills the cracks. A~
“-rd body of marble, about 100 m long, occurs at the base of the

a1y be

wpper member. The: body i$ about 20 m thick and is apparently
.mrlmn by gypsum. The marble contains intercalated cross-bedded

- alcarenite in lavers which parallel thé top’ of the middle member.
~The relations suggest that gypsum was removed and coarse calcite
“wasemplaced. The calcarenite and adjacent carbonaté rocks of the .

middle and lower members are not recrystallized to grain sizes
wimparable to those of the marble, and the origin of the marble is

;vublunam Similar rocks occur in the rauhwackes of the Carson

wpion, and-an origin by ‘calcitization of gypsum is proposed on
wructaral and isotopic grounds (Speed and Cla) ton, 1974) .

Hru:cm in the ‘Upper Member
Stone and others (1920) observed in underground worl\mgs that

breccia was' abundant near the base of .the gypsum. -Carbonate -
heecciacis in fact widespread in the upper member of the Lovelock
formation in sporadic. bodies which are. topographlcally {not~

wratigraphically) below gypsum-bearing sections.

The simplest breccias are monolithologic calcarenite bodies. They. -
consist’ variably of intervals'1 m thick of undisrupted -folded:

n-hedded fine-grained calcarenite which grades to fragmented but
rotated calcarenite beds' to framework breccia of rotated
igments and (or) to’ pebbly sandstone.. The ‘matrix of the

it w,nental rocks is well-sorted fine-grained calcite and quartz sand; -

¢ same sand-size components constitute the framework of the :
ehbly sandstone. This type of breccia clearly has correlanve degrees-
Wi [ragmentarion and of sand to lithic clast ratio.

The - ‘prevalent monolithologic calcarenite breccia w1thm the

spectrum is a framework of co-oriented bed segments withour size-
- “orting and with calcite-quartz sand matrix. Intervals as much as 1 m
ik of clast framework may alternate with matrix-rich layers:
Calcarenite ‘clasts in breccias have the same grain-size spectrum’
very fine grained to nearly medium grained) and bed-thickness -

tange as does calcarenite in place in the upper member. The breccias
ir¢ unquestionably accumulations of such rocks. Whére calcaremte
» interbedded with gypsum in the upper member, breccia is absent,
thus implying that. intraclastic' sedimentary breccias -were not a

sormal mode of calcarenite deposition. Conversely, the absence of
'}:\ps'um in calcarenite ‘breccias and the similarity of calcarenite

vreccia clasts to calcarenite in the gypsum section strongly indicate
that the breccia originated by solution of sulfate and gravitational
seeumulation of the undissolved fraction. Solution of sulfate in the

~-minated and thin-bedded rocks which contain largely discrete -
_-dlcite and quartz sand grains would provide free sand for the

~teecia matrix and unbedded pebbly sandstone. The preservation of
&gments of continuous calcareiite alternating with fragmented but

el -oriented calcarenite and with pebbly sandstone indicates. a

dv ,uniform withdrawal of sulfate from the rocks. and

~-Uacomitant compaction ‘of. the insolubles. The final compacted

“uducts reflect their.initial sulfate content. That is, in the absence of
~Hate, no'breccia is developed; interbeds of sulfate and calcarenite
Jd galcaremte breccxa and where ca]caremte beds were lackmg,

EVAPOR!TE CARBONATE ROCKS )URASSIC LOVELOCK FORMAT[ON NEVADA

rser. gramed and far more umformly granoblastic than the.
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only dlssemlnated ca]cne -quartz sand accumulates. Compacnon
solution breccias are clearly different from collapse breccias in that
motions are nonaccelerative such that original stratigraphic

" ordering is. better reflected in the compacted’ products. Moreover,
cavities would not be .created in steady compaction, and lateral
-sorting and transport by subsurface streams would, in principle, be

_absent. Stanton (1966) found evidence that certain solution breccias .

.-in Montana accumulated by compaction rather than collapse..

Large masses of polymict breccia occur in the upper member in .
apparent association with certain structures. The clasts are largely

-calcarenite, as in the monolithologic breccia, but they are mixed

with clasts of other lithologies along the borders of the breccia body.
The largest body of polymict breccia occurs in the northernmost
outcrops of - the Lovclock Formation, and together with a
coextensive belt of marble, it compnsee the upper member for about
1'km south of the northern margin of Figure 1. Gypsum is absent

-over this interval. Here, marble. forms the margin of the formation,
- and the east side of the marble belt is the thrust which begins

the -overturned Lovelock Formation over Jurassic pelite. Breccia
occupies the 10: to 20-m-thick zone between marble and the middle

.member. The breccia is chiefly calcarénite with calcite-quartz sand

matrix, but isolated angular blocks of marble as much as 1 m across-

. occur sporadlcallv in the breccia. Within a meter of the contact of
" breccia and marble, the breccia consists largely of marble clasts, but

it contains the same sand matrix as in calcarenite breccia. In the

_vicinity of -some major fold hinges, probably of set 2 folds, the

breccia has “highly stretched clasts ostensibly indicating that the
breccia is pre—set 2. South from the sulfare-free zoné, the breccia
grades to bedded gypsum and calcarenite except at the formation.
top, here upside down. A thin marginal belt of marble and
marble:calcarenite breccia and calcarenite breccia totaling about 3
m thick continues south between the thrust on the éast side and the -

_gypsum-calcarenite of the upper member-for about ¥ km.

The marble was clearly formed before the breccia. “In the

- gradational zone, however, the thickness of the breccia-and the
-frequency ‘of marble clasts are proportional to the thickness of the
“marble, possibly suggesting-a genetic connection of marble and

breccia: The thickness of the breccia is-also inversely proportional to

- the thickness of the gypsum, and significantly, to the thickness of the
~formation as .a whole. The latter relations together with the
‘similarity. of calcarenite ‘clasts and sand of the polymict and -

mOl')OllthOlOglC breccxas surely- indicate that the polybreccias are

.also of solution origin. The problemis—how did large fragments of

marble get into the calcarenite breccias?
" A-possible solution to the postulated transfer of marble clasts
durmg breccia formation i$ that cavities and subsurface flows

_existed in the particular polybreccia under discussion. Evidence for
“open spaces is that some of the finer grainied calcarenire breccia is

size sorted, and the sand of associated pebbly sandstone is. modestly
bedded. The polybreccia thus differs from the monolithologic type ..

-which exhibits no recognized sorting. The polybreccias in general
" howéver, have characteristics better explained by compaction than,
" collapse. In particular, there are no assemblies of large mixed

fragments including a concentration. of marble-clasts as might be -
predictred from the collapse of-a‘cavern roof. I think that mechanical
transfer is.an unlikely origin for the marble clasts.-

A preferred origin is that the' marble blocks are more or |ess in

place, and they simply compacted’ during' sulfate solution, along
-with ¢alcarenite. The implication is that calcitization of gypsum, as .-

referred to earlier, occurred within the upper member as well as atits -

‘margin. The calcitization, moréover, was earlier than dissolution of

sulfate. Support. for internal calcitization obtains -from the

_occurrence of a large marble body, previously described, completely

surrounded by gypsum. Conceptually, dissolution of gypsum and
precipitation of calcite could - have ‘been - concomitant .as" a




".arrested by change of solution composition, but sulfate continued to

‘as the other propomonahtxes support the idea. .
Another type’of polymlct breccia occurs in the apper mcmber,
" chleﬂy in the htnge regions of major folds. As with the first type,

- monolithologic calcarenite breccia is predominant, but-near the .
contact of the upper and middle members, clasts of carbonate rocks
from the middle mémber are mixed with-the calcarenite clasts in’a_

26ne a few meters thick. A few clasts of highly altered ‘microdiorite
were observed in these polymict breccias. Such breccias are largely
massive and lack preferred fragment orientation; the matrix is sandy

‘calcite-quartz-pyrite. The massive breccia, however, locally grades
laterally to unbedded pebbly sandstone with good pebble—preferred -

orientation, The lateral gradation of breccia to sandstone suggests at.
least local collapse and lateral transport of ﬁner parttcles by waters
flowing through a cavity nerwork.

The association of breccias contammg clasts of the ‘upper and
‘lower members and fold hinges is suggestive of tectonic brecciation
".as a factor. One hypothesis is. that hingeward flow of sulfate arid its
" associated bedded and disseminated carbonate cecurred during”

major isoclinal folding.” The more ‘competent - middle member
~ fractured dunng flexure, and materials of the upper member mvaded :
- the fractures: Subsequent solution “of* sulfate rendered a ‘zone of.

mixed carbonateclasts in the vrcrmty of the contact of the. upper and
middle members:

If correct, the hypothesls mdtcates that solutlon breccxatlon was -

post—set 1 folds. The occurrence.of other breccid bodies inthe upper
_ member topographically below gypsum but independent of any.

fragments of igneous.rocks indicares a period of intrusion ‘which is
postgypsum but prebreccia. The age of-the, solition breccias is thus
not: certain, but: if ‘the postulated calcitization of -sulfate. and’
~dissolution of sulfate were in fact penecontemporaneous, the
" solution breccnas were formed during or shortly after emplacement

of the nappes in which the Lovelock Fofmation' occurs! The’
reasoning is that elsewhere in the West Humboldt Range, extensive ’

" marbles (which are believed to be calcitized sulfate) and calcarenite

- breccias are intruded by gabbroic rocks.of Middle Jurassic age. Itis v
probable that the upper member of the Lovelock Formatlon was the' ;

precursor to all of these marbles and brecuas

Dxagenenc and Eplgenetlc Events -

Each of the members of the Lovelock Formanon is affected bv one.
.of more: stages of textural reorganization, the conditions of which *

are important in interpretations of the evolution.of the formation.,

occurred before deposition of intraclastic’ fragmental rocks of: the

‘middle member. Providing the temperature was 100°C or less, the -
lSOtOplC ratios of microsparite indicate oxygen exchange ofan mmal ‘
marine calcite with fresh watér: There is surely no md\canon by -

.grain size of the products  microsparite ;and sparite that the
temperature of such recrystallization was elévated significantly.

fresh-water dmgenesw as concomitant events.

Carbonate rocks in the lower and middle members have loc.allyv
‘undergone more intensive recrystailization due to’ hydrothermal
fluids. Isotopic evidence suggests.(Speed and Clay_ton, 1973) thatthe '
temperature of such recrystallization was =200°C. The meta-’
limestones of the. hydrothermal phase are most abundant in‘the

AT ¢ K. CuSPEED .

' replacement process. Calcxte precrpltatron was’, perhaps then ‘:'
) ““The distribution suggests fluid transport through zones.in or aboy,
"“be.dissolved, thus producing breccias with marble fragments. The* ‘the ‘middle - member and' local penetration. - stratlgraphlcall
covariant thlcknesses ‘of the breccia and continuous marble as well

' ‘reasonable because of the large permeability contrast that proba bl\ ,

‘existed between the Jower and middle: members.
,]ower members,- extensive solution. breccia. occurs in the" upper - <

‘recrystallization of some ad|acent carbonate rocks were concom.

.-of carbonate
_conformably ina probably euxinic environment. Thus, the changes ¢

- Lovelock Formation areprincipally the* effacement of the silicate EY
stratigraphic _control, strongly supports. ‘the; development of :
-recumbent major folds before breccia formation, "The:existence of: .-
deformatlon forming fold set '2-are also in the interval,. earlv ™
. Toarcian-Bathonian. The next event after micrite deposmon Wik ;
- subaerial exposure and fresh- -water diagenésis followed by fluvial or * -
- littoral erosion. Competent intraclasts detived from the lithified
. micrite were laid down in‘close proximity to their source as the

“gravels -of the conglomerate of the middle member. Stcceeding.’ e
_deposits of the calc-breccia are accumulations of. particles from a :

* s6urces, smoothed the terrain, lengthened particle transport path:

_particles of the calc-breccia-indicate, however, that circulation aid
. turbulence of marine waters on the bank were significant. A posslhlt'
An early stage of recrystallization of micrire of the lower member

. least in part by-direct precipitation from standing water, implyint !
growth of a barred basin. .
Thus, | interpret the early recrystallization of the micrite.to have *
been a fresh-water diagenesis that occurred in the micrite after it was -
exposed, either tectonically or eustatically. Erosion of the lower.
member to provide clasts for the middle member surely required the - -
lower .meémber to have been raised above wave base. It is thus"
reasonable to ally exposureand lithification of the carbonate mud by

mlddle member and at the stratxgraphlc top of the lower membe;

R e P NN

downward into the lower member. Such flow' paths are éntirel,

- Where the hydrothermal phase ismost intensive in the mlddle and '

-

member. The relation suggests ‘that dlSSOluthl’] of sulfate and

PR

- tant. Further, if.it ‘is correct that calcitization of gypsum was ° wugg
. continuous ‘with'-dissolution of ‘gypsum, - calcitization: was thus cont
'penecontemporaneous: wnth the later. recrystalllzatton of tht f ona
carbonaterocks. - - ' l
The hydrothermal recrystallzzatzon of the lrmestones and r“f‘
_calcitization .and *solution _in" the “upper. member- are clcarl\ YT
; postdcposmonal and occurred apparently durmg orafter foldsofser ¢ ke ¢
‘1and nappe transport. Such events. thus are eplgenetlc. : N were
Summary and Sequence of Events ' I xlll:‘:
-.Deposition of fine-grainted srltcate sediments together wrth les\;f abru
. abundant carbonate occurred with lateral uniformity in shallow- seas ¥ "fw_lin
of the Carson region durmg the Early Jurassic,. from the systemic s _of th
boundary to early Toarcian or later. Between-early Toarcian and i Jipd
Bathonian time, the influx of silicate mud and silt ceased at the site in ¥ Forn
.which the Lovelock Formation was to be deposited, and deposition ;| later

mud and . sparse’ terrigenious ‘sand  followed ¥ vust

:recorded by the deposition of sediments of the lower member of the

voti
The'«
dunir
L abloe

mud source or bypassing of the'silicate mud influx. .
Succeeding ‘events involving the Lovelock Formation up to the

Lvap
Dasin
A s
sutir

i Form
number-of subenvironments of the littoral zone. These deposit’ prop:
ostensibly represent. significantly --greater lateral transport and™ Pers
mixing than do those of the calc-conglomerate and ‘deposition ina{ weni
lower flow: regime. Progressive erosion wore down the pebble? - .
; \\’;]3'5',]
and ¢

S2
skele
"'L"'m‘gl
of m
}'rnl\:

3.
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and "provided' a general change toa low-relief carbonate ‘bank’
environment. The excellent.mixing and stratification of the diversé }

mudflow. of - silicate, " intraclastic, and extraclastic -detritus
envisaged as entering the littoral zone, 1mply1ng nearby mland rclui
of at least modest degree.

Déposition of 100 m-or more of sulfate and calcaremte followed
conformably above the calc-breccia. The. sulfate rocks-formed at

ranL e vt 2 ..,\..‘, S

vd(:;“(l,‘
berw
Onset of. sulfate déposition: wav |~ subsi
synchronous with:local effacement of the earlier carbonate baﬂl'» :

environment, due either to deepening or landward transgresslon ol

]

Ae

the bank environment represented by the middle member. - ; tore
The nature and sequence of events associated with cessation 011 upl
deposition- of the Lov efock - Formation are not certain. Ontj marg

‘possibility is uplift.and marine withdrawal, then folding and nappe - Thec

transport: Anothér “possibility. is that” folding. was - actualy ¥ vlear)
“¢ommensurate with deposition of the middle and upper membe ¢ Form
“that-is, - they. were- - deposited 'in a synclinal trough. Increase:” ey
dcform.:mon nappe motion, and perhaps regxonal upllft hn‘ll"i depo
. obliterated the marine basin. § rripl:

The Lovelock Formauon in the gypsum nappes: was - fold“l Prop




<

i
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"‘l‘l‘t

mxmhentlw before or dunng nappe emplacement Calcmzanon of -
2

e oceurred at places, chleﬂy where sulfate was at the base of the
Thus,
13ssolution of sulfate, formation of solution breccia by compaction
md sparscl

The. piling-up of nappes was completed by’ about 163 m.y. ago,
B pmxlmatelv Bathonian or earlier time, Structural relatioris

wpgest that the nappes’ were emplaced i in a major syncline which”

.ontinued to fold on a northerly axial trace and then, to be refolded
o an easterly axial trace.

Tectonism during Deposition -

the Carson region and the deposition of the Lovelock Formation

were closely spaced in‘time, in the Toarcian-Bathonian interval. The

livelock Formation apparently contains the youngest deposits in

“the Mesozoic succession in the area, and its sediments represent an

abrupt lithic change from the relatively uniform-subjacent Jurassic -
“pelite. The question thus arises whether the deposition of all or part
3 ol the Lovelock Formation records the onset of tectonism, such that -
i _deposition was syntectonic. The ‘alternative is. that the Lovelock

Fitmation is pretectonic,'and its lithi¢ succession is owing only to

custatic sea-Jevel changes.
Fach lichic subunit of the Lovelock. Formanon could have lormed

m a tectonically stable littoral-neritic complex. The lower member
‘tould have been lagoonal, provided that the silicate influx was low.
- Lhe conglomerate may represent beach gravel eroded and deposited
. during mpxd lowering of sea level. The breccia is an accumulation of
“dlochthonous particles from shallow .bark environments. The
S aporite- -calcarenite sequence was perhaps deposited in a marginal

basin during a.sea-level rise in which the basin barrier grew vertically

atjust the right rate to ‘adjust the normal marlne mflow for g\psum

saturation within the basin. .

In their vertical successnon however, the subumrs ofthe Lovelock
Formation  cannot _-have : been produced solely - by
r.opnaanng environments as is occurring, for example, i the

Persian Gulf (Kmsman 1969). Oscillation in water depth with time
) \ums ‘tequired.by the following observarions: :

. The basal micrite was deposited in a euxinic env 1ronment it

was then uplifted as indicated by. probable fresh-water drageneslsi

md cerrainly by its wave and (or) fluvial erosion.
.-The existence in . the . middle
\K\lLt’\l oopelletal-intraclastic calc-breccia

member

above calc-

; -<onglomerate indicates significant mixing of particles from a variety
“ marine subenvironments over wave or . ﬂuvxal ravels hence ;
8 ACKNOWLEDGMENTS

. The accumulation of. perhaps 100 ‘m of ewaponte a'nd'
-J\\ouared carbonate of the upper member -over clearly.littoral
deposits of the middle member indicates subsidence of atleast 100m..

IS

f nulnble slight submergence.

tween the terfestrial shoreline and the evaporite basin barrier. The

- wwhsidence indicated. here was likely coupled to the submergence
“ted above.

Each of the bortom motlons could have been eustanc OF tectonic.

"torexample, sudden rise in sed level after deposition of calc-breccia,
-»upled with construction of a barrier bar at the former: bank.

rrgin, couldin principle have produced the barred evaporite basin. .

o dxsnncnon between eustatic anid tectonic.changes of sea level is-

arly difficult because the small lateral.exposure of the- Lovelock

“tadly; - however, the. . demonstrable . ‘temporal ‘proximity
=pusition ‘of, the Lovelock Formation*and folding ‘and nappe

EVAPORITE CARBONATE ROCKS jURASSlC LOVELOCK FORMATION NEVADA

calcitization is probably postrecumbent folding. -
by collapse and intensive hydrothermal recrystalllza- )
aon oOf limestones were posrrecumbent-foldmg events' in the.

. lsivelock Formation that were possrbly penecomemporaneous with
“cale itization.

laterally .

of

* mation precludes analysis of its lateral differentiation. . MOf%FcIk

“Iplacement surely favor- tectonic effects and aceeptance of the

f“"posmon that the Lovelock Formatlon is syntectomc The - Kinsman, D]J
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corollary is that the sequence of palcoenvnronmems indicated by the
Lovelock Formation represents the transition in surface conditions
from initial - open marine silicate deposition to that of an emergent ‘
tectonically active terrain. .

STRATIGRAPHIC CORRELATIONS

" Within the northern Carson Sink region (north of 48° N.), the
Lovelock Formanon appears to be-the only vestige of originally
“widespread gypsum-carbonate deposits that are now.represented by
bodies of carbonate breccia and marble, the rauhwackes (Speed,

-.1974). Thirty km south 6f Gypsum Motuntain in the Mopung Hills

at the southern tip of the West Hamboldt Range, however, a nappe

* contains an undated assembly of gypsum, calcarenite, dark micrite,

breccia, and quartz arenite. The strong lithic resemblance of the

: ) Mopung Hills rocks and those of the Lovelock Formation and their
The occurrence of tectonism as mianifested by folds and nappes in-

“similar associations with Jurassic pelite are sufficient to indicate
probable correlation. As in the'case of the Lovelock Formation, the
Mopung Hills rocks can also-be -interpreted- to be an isolated
remnant of évaporité deposits that escaped complete conversion to .

_rauhwacke. It should be noted that the Mopung Hills deposits

contain significant volumes of quartz arenite, whereas -discrete

'quartz sandstone deposits are rare in the Lovelock Formation.

In the Dixie Valley region east of the Carson Sink, Speed and Jones
(1969) found that syntectonic quartz arenite of the Boyer Ranch

*. Formation was deposited in the same duration that is here given for
ateral motion of depositional regnmes perhaps coupled wrth :

the Lovelock Formation. Later studies indicate that the westernmost
Boyer Ranch Formation in-the Stillwater. Range (Speed 1974)
contains rauhwacke such that it is inferred. that gypsum-carbonate

_units originally existed in the Boyer Ranch Formation. The lithic and
. temporal relations allow correlation of theé Lovelock .and Boyer

Ranch. Formations. The existence- of gypsum-quartz arenite-
limestone in the Mopung Hills clearly supports the contemporaneity
of. evaporite and quartz sand deposition.in.the Carson region in
Jurassic-time. The paleogeographic evolution as it relates to Mlddle

. Jurassic tectonism will be expanded in another paper.

A large undated deposit of gypsum occurs with carbonate rocks in .
the vicinity of Gerlach, Nevada, 80 km northwest of Gypsum'

‘Mountain (Fig. 1). Layered rocks that ¢rop out in the intervening -

distance.are. Triassic and Jurassic pelites (Tadock, 1966) which are

~similar.to those'of the Carson region. Because evaporite deposits are

unknown in the pelites; it is reasonable to suggest that the Gerlach

- «sulfate deposrts are correlatives of the Lovelock Formation or, more.
) generally, that they are postpelite. I such long—range correlations are
correct, evaporite deposrts of Toarcian-Bathonian age-may have

extended over a large terrain west of the Carson Sink. Judging from
the history of the Lovelock Formation, evaporite deéposition seems
more likely. in a series of tectomcally barred basms thanina smgle

- continuous sea.

L. L. Sloss read this paper and has provided valuable counsel inall

.aspects of the. study. | am grareful to Lee C. Gerhard. of the West
‘Indies . Laboratory of Fairleigh-Dickinson University, who ex-
. amined thick sections of microbreccia for their content of biogenic,
‘notably algal, components. Robert N. Clayton of the University of -
. Chicago kindly provided the isotopic anal)ses “This study was under
the support of National Science Foundanon Grant GA-1574.
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The Star Peak Group is a drs[mct natural groupmg of large}y marine ‘
. _;',}fcalcareous strata that, range from Farly to ‘middle Late Triassic age and .-
" that océur in scattered’ exposures. within an area exceedmg 5 OOO km*in-

northwestern Nevada (Fig. 1). Where the groupis completely preserved,

. it attains thicknesses exceeding 1,000 m. The genetreaily coherent carbonate.

o :‘platform complex reépresented by the Star Peak: Group contrasts sharply
" with the- overlying Auld Lang Syne Group which consists of metapelitic -

- rocks and sandstone. The Star Peak also contrasts with the unconformab!y S

‘underlying Koipato Group,;’ whrch is eomposed of volcamc and clastrc -

. sedimentary rocks. - , s : .
. The Star Peak Group was frrst recogmzed asa ma]or natural subdrvrsxon.

among the pre-Tertiary strata of northern Nevada' more .than 100 years - .
‘ -ago during the initial exploration of this region by the 40th ‘Parallel- Survey: B

- 'under the direction of Clarence King. Since then, much kriowledge ‘about - -
. the depositional and tectonic hrstory of the Star Peak Group hasaccumulated:
‘ The main obstacles to a coherent revronal deposrtronal synthesis of these = -

- rocks have been their discontinuoiis .outcrops, difficulty in- ascertammg

_ the. extent to which they have been rearranged by thrust faulting; ‘and- - .
mrsxnterpretauon of .massive. secondary dolomrte units in the lower part -

of the seetron

All of -the ma;or components of the Star Peak Group are exphcable'_,,_ .
. in-terms of a comphcated pattern of carbonate deposition and diagenesis . -
- and contemporaneous tectonism. The regional synthesis. presented in this

papef: describes “an unusuany compact example-of “lateral and- vertrcal

mterrelauons representmg depositional envrronments that range from .su- -
pratidal ‘to below wave base (Fig.-2). Geologic* maps of “the Star Peak
“Grouip exposures that are significant for stratigraphic nomenelature and -

. correlation are shown - in Figure 3; a fence dmgram illustrating the strati--
graphlc relations among these and other exposures of ‘the group is shown. -
" in-Figure 4..The. Triassic carbonate units consist of drverse rock types
‘that are bést understood in terms -of the environments in which they were =
" deposited. Aeeordmgly, a-new scheme of stratrgraphrc nomenclature - is. S
_proposed herein based on revision and documematron of the ages, correla- o
trons and stratrgraphre ‘telations of the Star Peak componems (Frg 5)
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»'Although the correlatrons stratlgraphrc relatxons and rank of prevrously R

- named formations of the Star Peak Group have been revised, their lithologic

~ boundaries have not been changed from those embodied in_their original:, . -
‘;.descnptrons Our revision has entailed incorporating some previously named o

N nits into others and droppmg one- name, the “Natchez Pass Formatron

REGIONAL GEOLOGIC SETTING

As frrst descrxbed by ng (1878) typrcal exposures of the Star Peak-
, Group are foundin the vicinity of Star Peak in the-Humboldt Range,
. where they were 'subsequently shown. to- be repeated structurally_and to
g ~ include fault. blocks. of the- stratlgraphrcally underlying Koipato Group. . -
Nonetheless,: the name “‘Star Peak’’ was correctly -applied, in part, by -
_ King (1878) to isolated: exposures of Triassic carbonate rocks elsewhere .’ -~
*_ in-the Humboldt Range and nearby ranges to the east. Subsequent study
- of the northern Humboldt Range by Cameron ¢ 1939) contrrbuted to under- o
,'standmg the typical Star’ Peak section. This and work on the comparable * -
~ Triassic rocks in the ranges: to the east by Ferguson- and others (1951ay .
enabled Srlberhngand Wallace (1967, l969)to precetogether the stratrgraphrc. -
-section of the type Star Peak. .
: For strata that are now regarded as parts of the Star Peak Group in -
- the Sonoma Range one-degree. quadrangle (Fig: 1) Mullef and others (1951;
-, see-also. Ferguson and others 1951a, 1951b, 1952) established many new -
: formations in ofder to express both lateral variation .and- the differences k o
s . between sections that were interpreted. as havmg beéen juxtaposed by tens~": . - .
: _of kilometres . of drsplacement on the- mferred ‘Tobin thrust”’ (Muller S "'_;-,-_-',y,;,.,
1949). So as not to prejudge the magnitude of : this inferred thrust Muller’s ’ '
- supposed“UpperPlate (eastern) facies’’ and “‘Lower Plate (western) facies™ - o ,
- of Triassic rocks in the Sonoma Range quadrangle were informally desronat-' e
. ed, respectrvely, as the ‘*Augusta sequence’ and Wmnemucca sequence e
by Silberling and Roberis (1962). o
.Détailed work by Burke (1970b, 1973) in the southern Tobm Range .
“through which the typical trace of the ‘Tobm thrust’’ was supposed to-
- extend, demonstrates that no such thrust fault exists and-that the differences = = .
" between -the “Winnemucca'’ and *‘Augusta’’ sequences can be explamed ‘
for the most part by rapid facies changes.. Moreover, other recent findings
~ regardmg the character and age of thrust fau_ltmg in north-central Nevada - - .
_":_(Silberling,' 1970, 1973; MacMillan, 1971, 1972; Nichols, 1971; and Speed, | -
. 1971a, 1971b) indicate that the Star Peak Group rocks were not drastically
) .rearranged by regronal thrustmg The Golconda thrust which does juxtapose . -
~ entirely different upper Paleozoic facies in this region and was regarded
. ‘omnginally. as the same structire as the ‘“Tobin thrust,” evidently predates
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- Figure 5. Time- strallgraphlc correlauon chart of the Star Peak Group at localities sngmflcant'
" for stratigraphic nomenclature. Small circles represent occurrences of age-diagnostic fossils;

diagonal rulmg indicates lack of data.

- stippled pattern-indicates secondary do)omne, verncal ruhng mdlcates stratigraphic hiatus, and ’

_deposition of the Sta'r'Pe'ak-Groer, part df.whic'hbv'erlapsithe'Gol'c'o"rida""f?

- thrust (Nichols, 1971; Silberling, 1973, 1975). Displacement on the Golconda

thrust in. north-central Nevada mos* likely took place: during the Sonoma

~ -orogeny in latest Permian-or Early Triassic time.. Therefore lateral changes. -
in Triassic rocks: deposited subsequent to the Sonoma orogeny:_must be -
‘explicable -without calling upon large:scale tectonic rearrangement, and .

- separauon of the Tnassnc strata into the tectonically delimited “‘Winnemuc-
.ca’ and ‘*Augusta’’

sequences is no longer useful. Instead, these rocks -
lend themselves 1o treatmem as a smgle htholognc enmv whose mternal _
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varxatnons (see Flg 4) reflect a coherent albeit ’compvle}(‘ 'pattern of .-
A.sedlmentary environments. The lateral relationships-do indicate; however, .
the possibility of some tectonic telescoping of facies on low-angle faults

within the Star Peak Group, particularly in the three places in the fence
diagram .indicated by gaps across- which lithologic correlations are-ques-

“tioned. These localities are in the northern Stillwater Range; southern Tobiri .

Rarge, and between the East and Sonoma Ranges. . o
..The Star, Peak Group either rests unconformably on' rocks - of the

-.predommantly volcanic Koipato Group (Fig. 2) which-overlaps the Sonoma co
* -orogenic belt. or; where ‘the Koipato was removed by erosion, the Star

Peak rests directly- on the deformed Lower Permlan and older(?) .rocks

, 'Aof ‘the -Golconda’ allochthon. Deformation: during the Sonoma orogeny is .
- well shown at the south end of China Mountain (Fig. 6) Here the Hoffman '
Canyon thrust separates two parts of the intensely deformed. Golconda -

allochthon having contrasting tectonic fabrics, and the thrust is overlapped
by the néarly flat-lying tuffaceous rocks of. the Koipato Group (Nxchols
11972). The Star Peak carbonate rocks-in turn overlie the Koipato.

All of the known exposures of the Star Peak Group and clo§ely related -

::‘z“;a me GROUD R e

- R 5
Vo i 2

Flgure 6. View eastward across Holfman Camon .at China \lountam showing: trace of ‘the

:.___Hoffman Canyon. Thrust, the Koipato. Group, and.part of the Star Peak Group. Rock-unit
“symbols correspond fo those in Figure 3, except for the Golcorida allochthon wherein Ph denotes

the "'Havallah Formation’’ and Cp the ''Pumpernickel Formation,”” both after Ferguson and
others (1952). Photo by S. W. Muller, about 1935. o
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. strataare confined to the Humboldt Range and the ranges within'the Sonoma

Range quadrangle; except for isolated outcrops in the New Pass, Toiyabe,

* and Shoshone. ‘Ranges. Rocks belonging to the group have so far received,,

only limited descrxptron in.the form of map explanations, student theses,

kel S

-and a few geographically restricted studies. . These rocks had not previously . ,

* beenconsidered as agenetrcally coherent group having wide regional extent.”

e e e mitnstss

Some attempt at interpreting the regional depositional framework -of the

Star Peak Group in the Humboldt Range was made by Silberling an_d ‘Wallace .

~ - (1969) who recognized in the type Star Peak exposures the same formational

units that were, defined by Ferguson and others (1951a) in the East Range,

the next.range to the east. Geographically restricted research by Burke .

.(1973) in. the southern Tobin Range, by Nichols (1972 1974) at China

Mountain; and by the Stanford Geological: Survey summer field camps

- in the ‘Augusta: Mountains during 1970 and in-the northern East Range
- during 1971 improved knowledgé of the distribution and correlation ‘of
. previously recognized subdivisions within the group in the vicinity of the
Sonoma Range quadrangle. Farther east, near ‘Hall Creek in the northern.
- Toiyabe  Range, -Stéwart and McKee (1977) drscovered a large exposure
. of Triassic carbonate and clastic rocks.that resemble part of the. Star Peak -
-+ Group. Rocks exposed in small areds in the northern Shoshone Range
“were compared by Gilluly and Gates (1965). with the. China Mountain
-'Formation but are now recogmzed as part of the Star Peak (Nichols, 1971).
"In the New Pass Range, south of the Sonoma’ Range quadrangle, Triassic

rocks resembling those of the Star Peak Group have ‘been studred by'.

. MacMillan (1972) and W]llden and Speed (1974).

‘A major obstacle to -an understandmg of the Star Peak: Group has been .

“the massive bodies of saccharoidal dolomite, locally forming much of ‘the
" lower part of: the section, which have been misinterpreted as primary

‘stratigraphic units. The secondary and nonstratigraphic .character of these '

" -dolomite bodies has been demonstrated by Nichols'(1974) who found that
‘they relate - spaually to-an overlying unit, the Panther Canyon Member

of the Augusta Mountain Formation (Fig. 2). The Panther Canyon is.a .

fine-grained, laminated, stromatolitic dolomite which evrdently formed in

“a sabkha-flat environment. This distinctive unit appears in all exposures

of the Star Peak Group, except those in parts of the Humboldt and Stillwater

‘Ranges ‘and is coextensrve wrth the underlymg secondarrly dolommzed
Tocks. :

Hydrotherma] alteratlon of the carbonate rocks of -the Star Peak Group,
especrally in the more northwestern outcrops, serrously hampers petrogra-. " .
phic interpretation’ of depositional and diagenetic fabrics. Such alteration - .
is not - surprising, because these exposures occur along the eastern edge

of the batholithic region in northwestern Nevada, interpreted by Smith

and others (1971) as connectmg the Sxerra Nevada and Idaho Bathohths

T
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P The deposmonal hrstory of the Star Peak Group is comphcated by coeval» :

' tectomc actrvrty within-the site of: sedimentation.. As-the lithologic nature.
‘of platform carbonate rocks, such as those of the Star Peak, is especially .
£ sensitive to relative changes in sea level, episodes of tectonism during
' Star Peak deposition resulted in striking facies changes different from those
that would develop by continuous deposition in'a generally subsiding marine

characterize only-a. relatrvely small area,.they provide information on- the :
nature of the continental margin during a critical time of apparent change
in tectonic style at this general latitude in western North America. Prior
" to deposition of the Star Peak Group the tectonic record of much of
Paleozoic. and eafliest Triassic time -has been characterized as one of
developing and collapsing marginal (or ‘‘inner arc’’) ocean basins (Burchfiel -
. and Davis, 1972; Churkin. 1974; Silberling, 1973); whereas during or after
. -Star Peak ‘time; the Sierra Nevada magmatic arc became established at
~ the'edge of an **Andean-type’’ continental margin (Schwelckert and.Cowan,
1975). The actual record of tectonic events durmg the mrddle part of Triassic -
time is meager even though some first-order structural events have been
.postulate»d for that time, such as truncation of the: continental margin
" (Burchfiel: and Davis, 1972) and large-scale strike-slip rrftmg (Jones ‘and :
others, 1972; Silver and Anderson, 1974). : :

' The deposrtronal and tectonic ‘history of the oldest parts of the Star

- Peak Group. have been obscured by subsequent intra-Star Peak: uphft
erosion, and secordary dolomitization. During late  Spathian time, open-
marine calcareous strata may have been deposited upon a fairly flat surface
throughout much of the western and southern part of the Star Peak outcrop -

" area, as if the entire region were abruptly. inundated by the sea. However,
only remnants of such strata are preserved in the lower member of the
Prida Formation and in the Tobin Formation. Stratigraphic evidence such

" as that in the’ Humboldt Range (Fig. 22) indicates that local relative uphft,
‘ . ™ and erosion took place during early Anisian time, although the nature of
T B ~ the uplift—whether by faulting- or folding—is not clear. Farther to the
' B : southeast, the coarsé clastics in the Dixie Valley Formation were evidently
shed southward from a highland within the Star Peak area, also documentmg
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6 - NICHOLS AND SILBERLING

relative uplift-during the early'A'm‘si'an' Too little of the record is preserved,
however, to determine the shape and size of the area or areas that underwent

* - relative uplift at that time.
' Deposmon of the basinal marine calcareous deposns of the Fossnl Hlll-
Member of either the Prida or Favret Formations began during middie -

_ Anisian time in subsided parts of the Star Peak area, and by. late Anisian
time Fossil Hill rocks blanketed the entire region. These deposits overlapped
the previously uplifted aréas as if the entire region had again undergone

relative subsidence. The known and inferred distribution of the Fossil Hill
_is shown in Figure 31; p}atform -or nearshore carbonate equwalems of '

these basinal rocks are unknown.
Although the older parts of the Star Peak Group are’ mamly calcareous

rocks, the first record of carbonate-platform constr_uc_tlon is found inrocks -
of early Ladinian age. Figures 31B- through 31F diagrammatically'_‘show‘ S

Ha*w . S ITW
N B T

A LATE ANISIAN

‘| LATE LADINIAN E - EARLY KARNIAN . . {F LATE' KARNIAN

SUPRATIDAL -

+ V= VOLCANIC
- - ROCKS

TERRIGENOUS - <= UPLIFT AND
1 cLASTIC.RoCKS EROSION

' CARBONATE ENVIRONMENTS

Flgure 31. Paleogeographlc maps of the Star Peak Group at dlfferem timies dunng its deposmon
See Figure 5 for series assignment.of. Triassic stages. Area of - -maps is approximatley that - in

Figure 1; L, Lovelock; W, Winnemucca; BM. Battle Mountain. The ‘map patterns correspond .
to those on the comemmnal model of near- shore carbonate enuronmenls shown benealh the -

maps.
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the further development of this platform to the end of Star Peak deposmon

in late Karnian time.

In the western Star Peak region, open -marine Amsran strata of the Fossﬂ

Hlll Member grade upward into dark, laminated, cherty llmestone of the
upper member of the Prida Formation. This progres_snon represents a

.continuation of ‘basinal deposition during Ladinian time concomitant with

upllft and erosion farther east in the central part of the present Star Peak

the basin and platform is shown by sedimentary breccia and soft-sediment

deformation within the upper Prida section. South and east of the uplifted -

- area, subsidence and peritidal deposition of the carbonate and clastic rocks’

. northwesterly direction at China Mountain and in the southern Tobin Range, ~

cof. the Home Station Member of the Augusta Mountain ‘Formation- took.
place. A topographic break must have separated the ‘upper Prida -basinal

deposits-from those of the Homé Station, but its nature is obscured by

erosion of the uplifted area and associated secondary dolomitization, as -
‘indicated .by the liberal use of question marks -on,the reconstructed

paleogeogrpahy- shown in Figure 31C. Little actual’ record is. preserved

of the lower.or middle Ladinian platform margin whosé position evidently
was tectonically’ controlled because it coincides with' the-western edge"

of the uplifted area. Although erosion during Star Peak time exposed pre-Star
Peak rocks on ‘the uplifted platform, coarse-grained. terrigenous clastic

. material-was not shed westward into the basinal upper Prida deposits.

S O R S T T SR T

“outcrop area (Fxgs 31B, 310). Existence of a slope environment between o

Siliceous sand, grit, and pebbles are sporadlcally scattered through the . =~

,correlanve Home Station Member carbonate rocks and* may have been
- derived from the platform which therefore may have been an eastwardly(_,

tilted block. This geometry is also suggested by progresswely.deeper erosion

of Fossil Hill strata-beneath the Ladinian unconformity in a westerly and - . - -

' respectively. However, the nature’ of the upllft whether by. faultmg or

__the Panther Canyon clastic sédiments spread over part of the carbonate

folding, is unknown.

By-late Ladinian time the uphfted area was beveled by erosion, and L

the entire-eastern and central Star Peak. regions became a vast supratidal

o flat upon which the: Panther Canyon Member of the Augusta Mountain
Formatlon accumulated under evaporitic conditions. First the algal- laminate

prrmary * dolomite of the Panther Canyon formed, and then more-locally,

. ‘platform from the northeast. Remonally extenswe ‘secondary dolomitization

-,',."of older. Star Peak limestone took place just prior to or during Panther
} Canyon deposition (Nichols,

1972, '1974). Supratidal conditions alternated

- with more open-platform intertidal or lagocnal environments along the west’

ML T AT = 134T

and southwest side of the platform. This was. manifiest by intertongues: .

in the Panther Canyon of coarse- -grained secondary dolomite in the northern:

East Range and in the Stillwater Range. The position of the platform margin -
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68 " NICHOLS AND SILBERLING

' rs fairly well located geographxeally for this time (Frg 31Dy, and actual -
_platform margin deposits crop out in the southern Humboldt Range. In

the northern part of the Star Peak area, the’ narrowness of the belt'in

" which the more ‘outer-platform deposits of this age occur may result in-

>~

part_from telescoping of facies by low-angle post-Triassic faults such as -

those of the Clear Creek system of thrust faults (Srlberlrng, 1975) which

have displacemenits of as much as a few tens of kilometres.

~ Further subsidence during the early Karnian allowed the. platform lrme-'

stone of .the Smelser Pass Member. of the Augusta Mountain- Formation
to .thickly blanket the region. "At the same time the platform ‘margin,’
.represented by the Congress Canyon Formation, burlt regressively westward
. -out over the. persistent basinal deposits of the upper member of the Prida-

Formation (Fig. 31E). A paleogeographic complication during this time

“‘is the prevalencé of mafic-volcanic rocks in the Smelser Pass Member
“in the southern Humboldt and Stillwater Ranges In that part of the region '
-the Star Peak platform may have been supported by a local volcanic center

(Silberling and-Wallace, ‘1969, p. 30). Unfortunately no exposures of Star )
 Peak rocks exist farthér west or south,.so the paleogeographrc settmg
of these volcanic rocks cannot be fully. known.: The margin of the platform :

' presumably swung around this volcanic center to the west and south, because

basinal deposits correlative with the Smelser Pass occur in the New Pass

.Range south-of the prmcrpal Star Peak outcrop region. o S
Durmgthe middle part of Karnian time, a break in deposition, accompamed
by erosion. channeling. and development of solution caves (Nichols, 1972)
within the Smelser Pass, took’ place at least in the northeastern part of -
- the Star- Peak outcrop area. This was followed be deposition. of. coarse

conglomerate and other clastic rocks that form ‘the lower part of the Cane
Spring. Formatron To the west and south these clastic rocks tongue out,
but the base of the Cane Spring could nevertheless rest. disconformably

- on the Smelser Pass. Following this brief but widespread tectonic interruptios’
of the carbonate deposmonal pattern, upper Karnian platform carbonate -,
- strata of the Cane Spririg Formation blanketed not only the older platform -
- but-also -extended westward beyong’ the limits of present: :day Star Peak
exposures (Fig.. 31F). This westward shift of. the platform marginin late ~

Karnian time may have "extended at least as far as the northwestern:

. Sierra-eastern Klamath belt, where the only significant amount of carboriate
- rock in the pnmanly volcanic and’ clastic Triassic section is the Hosselkus
Limestone of late Karnian age. If this shift occurred, the carbonate platform
during Cane Spring deposition would have e'xtended at least 100 km-beyond.

‘the present northwesternmost Star Peak exposures. This distance is.based

on restoration of. the northwestern Sierra-Klamath  belt to -its possrble

" pre- -Tertiary posmon with. respect: to northwestern Nevada followmgw"

Hamrlton (1969 Frg 4)
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" Paleotectonic Interpretation

' The mid-Karnian interruption .in Star Peak deposition was the result

" of-a more widespread tectonic disturbance that affected areas far beyond =
_the Star Peak region.. Pronounced uplift and erosion to the north and northeast -
2iof the Star Peak regron ‘during this time is indicated by the increase, in -

‘thesé directions, in thickness and clast size of the basal conglomerate

: - unit of the Cane-Spring Formation. -Although the stratigraphy of the Star.

* Peak-Group does not - further reflect the nature of this tectonic event,
it does record. an eprsode of significant regional relative uplift. :
 Earlier tectonic events.during Middle Triassic time were localized within
~the Star Peak outcrop area and produced stratigraphic patterns from which

- additional -tectonic inferences can be -drawn. Relative uplift durmg the

* Ladinian in the central part.of the region is especially . well documented

' by the.Star Peak stratigraphic record. However, the boundaries of the. - 4
uplifted area are not adequately displayed, so-its i$‘uncertain whether .
the mechanism was faulting or folding. During late ‘Anisian time, prior

to local uplift, relatively deep water, open-marine strata of the Fossil Hill

_rock unit- were laid down across the entire region. Then, followmg relative
uplift, the locally emergent area was eroded while deposition continued -
- to the east, south and west of it. The ‘basinal upper member of the Prida .
Formation was deposited to .the west and southwest, -and the peritidal -

Home Station Member of the Augusta Mountain Formatron was deposited
to the east and southeast. In-late Ladinian time, the-widespread evaporitic

"dolomite of the Panther Canyon Member: accumulated across the uphfted

and beveled area.

‘The earlier:Middle Triassic eprsode of local upllft that: tool\ place durmg.

early Anisian-time, although not so well defined, seems to have had the

* same general pattern as the subsequent Ladinian ‘uplift-and to- have been:

“on' the same regional scale. Initially, during latest early Triassic time,
ammonite- bearing limestone may have been laid down. over a. wide area,
part or parts of which were then uplifted and eroded, only to be blanketed
again by open-marine upper-Anisian deposits of the Fossil Hill.
" This pattern-of local relative uplift accompanied elsewhere within the
«~Star Peak region by uninterrupted deposition can.be. mterpreted two ways.
The uphfted blocks may have undergone successrve eprsodes of uplift
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and subsidence, and erosion of them would have taken place when they.
. emerged above sca level, which remained constant. Alternatively, blocks
~of various sizes may have undergone episodes. of dlfferenual subsidence - -

“during a time of continually lowering sea levél so that down-dropping blocks

that Jagged behind would have had their tops eroded- when falling sea -
level caught up with them. Because uplift and erosion seem to have occurred
twice during Middle Triassic time; we prefer the second alternative. The

amount of drop in sea level required by this explanation would. seem to

be too great to be eustatic. Therefore; we suggest.that during Middle Triassic:
“time the entire region was broadly upwarped resulting in crustal extension
-accompanied by the episodic tensional subsiderice of local areas of varying

size and shape. This paleotectonic interpretation, at least for earlier Star
Peak deposition, accords.well with that envisaged for-the still o]der ‘Koipato

Putting these inferences in larger perspective, the Sonoma orogeny which

" resulted in thrust emplacement-of the upper- Pa}eozow oceanic rocks of-
"the Golconda allochthon during latest Permian or Early Triassic time, was
- “followed during the Triassic by regional crustal extension.and local dlfferen- o
<tial subsxdence during deposition of the dominantly volcani¢ Koipato. Group' -
and carbonate rocks of the Star Peak Group “The abrupt -change durmg‘ "
mid-Late Triassic time from Star Peak- carbonate platform sed‘mentanon p
* to that of the rapidly deposited, terrigenous clastic. pelitic and sandy strata .~
of the overlymg Auld Lang Syne Group may relate to another fundamental
* change in tectonic regxme such as the begmnma of the Sierra Nevada'_

magmatlc arc

j Group which in theé southern Tobin Range was found by Burke. (1970a S
. 1973) to have been deposited concurrently with block faulting. :

1Speed (1977) has recently suggested that theé western and southern limits of- lower Mesozoic * - -

deposition in northwestern. Nevada- coincide approximately with those of -a vast volcanic -

arc assemblage which, everywhere underlies the lower Mesozoic rocks :but rarely crops out.

-This arc-related assemblage is envisaged as having moved relatively westward toward the
_' continent during the Sonoma orogeny. .squeezing out the Golconda allochthon before it.
: Thermal contraction of this arc .is then called upon 'to- produce subsidence’of .the lower

Mesozoic basin. The Star Peak outcrop areu constitutés only a small, penpheral part of.

this basin-and may not reflect the principal deep-seated tectonic. controls on deposition.
. Nevertheless. patterns of sedimentation within the Star Peak Group. as described above,

require at least local uplift. They cannot be explamed by subsndcnce alone
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